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ABSTRACT
Morgan, Brittney J. The influence of chemistry instructors’ knowledge and beliefs about
learning on the implementation of evidence-based instructional practices.
Published Doctor of Philosophy dissertation (Published Doctoral Dissertation),
University of Northern Colorado, 2022.
In this dissertation I explore characteristics which influence the implementation of
evidence-based instructional practices of six post-secondary chemistry instructors in
Colorado who report current use of these practices. The purpose of this study was to
identify these characteristics to recognize areas of focus for future professional
development. Knowledge and beliefs were also explored, as characteristics are often a
culmination of these individual beliefs. Using a qualitative case study approach, a
survey, classroom observations, and semi-structured interviews were used to collect the
data for this exploration. Instructors were observed using the Classroom Observation
Protocol for Undergraduate Science, Technology, Engineering and Math (STEM)
classes to identify if these beliefs aligned with their classroom practices. In this study I
identified four main characteristics from patterns in these data using reflexive thematic
analysis (TA) which revealed that instructors who do implement these practices have:
intellectual humility, an equity mindset, a commitment to learning, and social
awareness. Beliefs identified included: beliefs about instructor role, how learning
happens, and the value and limitations to implementing evidenced-based instructional
practices. These beliefs were found to be aligned with the transitional and studentcentered practices of participants in this study. These results suggest a need to explore
larger concepts such as intellectual humility, rather than the individual knowledge and
iii

beliefs which contribute to these larger concepts. This approach would allow
researchers to encapsulate varied experiences that all ultimately lead to the
implantation of evidence-based instructional practices and to make suggestions for
future teacher training and professional development opportunities.
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CHAPTER I
INTRODUCTION
Statement of the Problem
The educational landscape is frequently changing to match what we know about
best practices for teaching and learning. Current educational standards strive for
learning outcomes in which students are able to demonstrate not only a deep and
functional understanding of chemistry, but also creative problem-solving and critical
thinking skills according to Freeman et al. (2014). Current research suggests that
student-centered approaches to instruction that engage students in the learning process
can support this depth of learning and aid in the development of these critical skills. This
body of research also suggests that these teaching strategies promote equitable and
inclusive undergraduate chemistry classrooms (White et al., 2020). Although many
practices which engage students have been developed and have evidence to support
student achievement and success in post-secondary chemistry courses, the adoption of
these practices by chemistry instructors in higher education is limited (Lund & Stains,
2015; Raker et al., 2020). It appears that simply developing and disseminating new
practices as a strategy to drive educational reform efforts is not enough.
Encouraging educational reform is difficult and propagation of evidence-based
instructional practices (EBIPs) is slow, but there are a multitude of strategies and
approaches that can be taken to spread novel teaching practices. To this end,
Henderson et al. (2011) found in their systematic review of change strategies in
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Science, Technology, Engineering and Math (STEM) education in higher education that
there are two distinct target groups: individuals or environments and structures. Jones
and Leagon (2014) argue “perhaps the single most important factor in the quality of
science education is the teacher.” In Henderson's review, one method of change
strategy that targeted individual instructors was disseminating curriculum and
pedagogy, but much of the work done currently suggests that this type of transmissionfocused dissemination is not highly effective (Henderson & Dancy, 2009). Instead, the
models of change that were focused on in this study take the approach of investigating
reflective practices in individual instructors. The Departmental Action Team Model (Ngai
et al., 2020) and the Teacher-Centered Systemic Reform Model (TCSR) (Woodbury &
Gess-Newsome, 2002) are two current approaches to describing change that
emphasize the importance of an individuals’ impact on change.
While there has been an emphasis on beliefs of an individual as a strong
indicator of behavior in current literature, somewhat unfortunately, personal beliefs have
also been shown to be steadfast and difficult to change, even when an individual is
presented with evidence for the merit of alternative beliefs (Pajares, 1992). Also, what is
currently known about chemistry instructors’ beliefs mostly relies on instruments
designed to capture the beliefs of STEM instructors throughout K-12 and are not
specifically targeted towards post-secondary chemistry instructors (Luft & Roehrig,
2007). Given that implementation of EBIPs varies among STEM instructors (Lund &
Stains, 2015), it was important to focus specifically on which beliefs are present which
interact positively with the implementation of EBIPs in chemistry instruction. Although
beliefs may have a strong connection to behavior, they are not the only indicator, nor
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are they the only component of teacher thinking (Gess-Newsome et al., 2003) and so it
was important to explore other relationships outlined by the TCSR model.
Purpose of the Study
The purpose of this qualitative case study was to investigate which personal
characteristics and aspects of teacher thinking were shared among a small group of
post-secondary chemistry instructors who adopt evidence-based instructional practices
(EBIP) in Colorado. This research acted as an exploration of instructor characteristics in
order to provide a deeper understanding of what drives individual instructors to engage
in educational reform efforts in the classroom. The constructs encompassed by these
two components of the TCSR model are deeply intertwined and required more study
before using them to predict or explain instructor behavior in reform efforts. Results from
a survey, classroom observations, and instructor interviews were used to investigate
instructor beliefs and knowledge and how they relate with enacted classroom practices.
Significance of the Study
This study intended to shift the focus from the barriers which prevent instructors
from adopting new pedagogy strategies to better understanding the characteristics of
the instructors who, despite these barriers, are able to adopt new pedagogy in their
classrooms. It is imperative that we used the tools of the trade to not only identify what
does not work in educational reform, but what does. In a recent study, Raker et al.
(2020) examined characteristics of instructors who adopted pedagogies of engagement,
specific EBIPs that purposely serve to engage students in learning and correlated those
characteristics to adoption rates. While this study contributed information about what
instructors who do adopt these practices are doing, it did not tell us why. My study
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sought to understand which underlying characteristics framed by the Teaching Centered
Systemic Reform model (TCSR) were critical to adopting new pedagogy. By
categorizing which characteristics these instructors who choose to adopt EvidenceBased Instructional Practices (EBIPs) possess, we identified characteristics to foster in
current and future instructors through professional development, teacher preparation,
and departmental or institutional cultural shifts around teaching norms. Through
examining instructor traits, specifically knowledge and beliefs about how learning
happens in chemistry, and how that impacted the implementation of EBIPs,
characteristics which facilitate implementation of new pedagogy were constructed from
the data.
Research Questions
The research questions which guided this research were the following:
Q1

What are the personal characteristics that influence instructors to start
and continue implementing EBIPs in post-secondary chemistry
classrooms?

Q2

What beliefs about teaching and learning are held by post-secondary
chemistry instructors who adopt and sustain the use of EBIPs in their
classroom?

Q3

How do these beliefs align with observed classroom practices?
Summary

As the demand for high quality education in Science, Technology, Engineering,
and Math (STEM) courses increases, it is important that instructors are using evidencebased instructional practices which support student retention and achievement.
Unfortunately, chemistry instructors have the lowest self-reported rates of adoption of
these practices among their peers in biology and physics. While focus has been on
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barriers and beliefs as possible explanations for this phenomenon, there has not been
much exploration into what is driving some of the instructors who do, in fact, adopt
these practices. Instead, this qualitative case study aimed to understand how
knowledge and beliefs culminated into personal characteristics common among faculty
who do implement these practices. The findings related to this study can help inform
professional development and teacher training programs, as well as a more
philosophical debate about what makes a “good teacher.”
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CHAPTER II
LITERATURE REVIEW
Although great effort has been placed into the development and dissemination of
evidence-based instructional practices, propagation of these practices among postsecondary Science, Technology, Engineering, and Math (STEM) educators has been
slow (Henderson & Dancy, 2009; Lund & Stains, 2015; Raker et al., 2020; Walczyk &
Ramsey, 2003). In fact, results from a national survey of post-secondary faculty suggest
that STEM faculty are the least likely to use student centered or collaborative teaching
practices (National Research Council, 2012). Among STEM faculty, despite being
similarly aware of EBIPs physics faculty adopted these practices more frequently than
chemistry faculty (Lund & Stains, 2015). One large scale study from Raker et al. (2020)
reported the percentage of chemistry instructors who use evidence-based instructional
practices (EBIPs) grounded in student engagement like problem-based learning (PBL),
process oriented guided inquiry learning (POGIL), or peer-led team learning (PLTL) in
the undergraduate chemistry classrooms to be 10.76, 10.7, and 16.6 percent,
respectively. In order to take meaningful steps addressing this lack of pedagogical
change among post-secondary chemistry instructors, we must understand the current
landscape of STEM education reform.
A review of literature is important in identifying relationships between ideas and
practices (Hart, 2018). Four potential foci of a literature review include research
outcomes, research methods, theories, or practices or applications (Cooper, 1998). The
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review conducted herein focuses on research outcomes in the current literature that
bolster the importance of a focus on individual instructors when trying to address this
lack of adoption among chemistry instructors and what is already known about the
complex factors involved in driving personal pedagogical change. Because the factors
which contribute to an instructor’s decision to enact a particular practice are intertwined
and reciprocal, studies may be mentioned in several sections.
The Importance of Individual Instructors
When attempting to propagate educational change, researchers must first
choose a target of reform efforts. From a systematic review of literature between 19952008 on how to promote change in instructional practices in undergraduate STEM,
Henderson et al. (2011) developed a four-square typology of change strategies. This
model categorized change strategies according to what it sought to change (individuals
or environments) and whether or not the outcomes were fixed (prescribed or emergent).
Combining these domains captures four distinct approaches to change: disseminating
curriculum and pedagogy, developing reflective teachers, enacting policy, and
developing shared vision. This study sought to explore the individual aspect with
emergent outcomes. Individuals include all levels of instructors when referred to
throughout this review.
Henderson et al. described this change strategy as “Developing: Reflective
Teachers” which includes encouraging and supporting individuals to develop new
teaching conceptions and practices. This approach does not rely on a set outcome
dictated by the goal of the instructional strategy but instead encourages instructors to
approach improving their instructional practices as a learning process or “scholarly
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activity” (Borrego & Henderson, 2014). This process includes reflection on their own
instructional practices and comparison with other approaches which may lead to the
dissatisfaction necessary to drive change (National Research Council, 2012).
Models of Instructor Change
The Teacher-Centered Systemic Reform (TCSR) model is a model of
educational reform which emphasizes the impact of the individual and contextual factors
that contribute, both positively and negatively to enacted practices in the classroom
including personal context, cultural context, and teacher thinking (Woodbury & GessNewsome, 2002). Of these components, a focus on barriers to adoption that instructors
face is prominent, including lack of training, time, incentives, and incompatible beliefs
(Gess-Newsome et al., 2003; Gibbons et al., 2018; Henderson et al., 2011). Of these
barriers, beliefs tend to be the focus of many studies as they have been shown to be
predictors of enacted practices within the classroom (Pajares, 1992).
The impact of individual instructors is highlighted in the TCSR model, which
considers the reciprocal nature between teacher thinking, personal factors, contextual
factors and enacted practices (Woodbury & Gess-Newsome, 2002). Because current
research suggests teacher thinking influences changes, Woodbury & Gess-Newsome
have placed it centrally in their model. There are many complex pieces in the puzzle
that is educational reform, and it is important to consider not only each individual piece
but how they work together to form the bigger picture. Examining each of these domains
and the connection between them can give both a “big picture” idea of reform and also a
more narrowed focus on those components which may have the largest impact on the
overall process of an individual’s change.
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While developing the TCSR model Woodbury and Gess-Newsome (2002) drew
from the systems-as-context, intent, and teacher thinking perspectives, as crucial, yet
incomplete lenses to investigate the historical paradox of change without difference.
From the systems-as-context perspective they adopted the idea that trying to make a
reform fit into traditional patterns of schooling without addressing other components of
the system leads to failure of the reform. Similarly, an idea incorporated from the
teacher thinking perspective into the TCSR is that if an instructor with traditional
teaching practices is to adopt reformed practices the underlying beliefs must be
addressed for observable change to occur. These both align with the major idea from
the intent perspective from which Woodbury and Gess-Newsome (2002) recapitulate
well:
Reform initiatives must explicitly reflect the intent of shifting basic patterns of
schooling, must recognize and address issues of change in structure and culture
in interrelated components of the educational system, and, most important, must
focus on encouraging and supporting change in teachers’ work as the center of
reform efforts. (p.764)
Alone, each perspective downplays the reciprocal effect that the other may have
but together as synthesized in the TCSR show how multiple components are working in
tandem to drive teacher change. This suggests that we must deepen our understanding
of these characteristics in order to develop instructors who are engaging in the process
of adopting reformed practices.
The work of Lund and Stains (2015) also focuses on individuals when
considering factors which influence instructional changes and provides a roadmap of
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stages instructors encounter in this process. The stages begin with an instructor who is
unaware of Evidence-Based Instructional practices (EBIPs), transitions to awareness,
interest, and finally adoption of these practices. This model was developed in a study of
disciplinary differences among biology, chemistry, and physics faculty at a single
university in awareness and adoption of EBIPs. Evidence from this study suggested
that, although chemists were aware of a similar number of EBIPs as faculty in the other
two disciplines, chemists reported implementing fewer of these practices than biologists
and significantly fewer than physics faculty (Lund & Stains, 2015). This study supports
that simple awareness of a practice is not sufficient for adoption and that the leap
between awareness and interest is crucial in propagating change.
Factors which contributed to moving instructors from one stage to another in this
model include communication channels, contextual influences, and individual
influences. Most instructors in this study used other faculty, although they were not
necessarily discipline-based education experts, and educational texts or websites as
their main communication channels for receiving pedagogical suggestions. Interestingly,
chemists were unique in their participation in science education conferences.
Contextual factors from the sample of chemists suggested there was not much
expectation from other faculty to have students actively involved or use techniques
other than lecturing and that priority placed on research by the department influenced
teaching decisions. Chemistry faculty also reported having limited training in teaching
and limited experience with EBIPs. Their attitudes and beliefs about teaching tended to
be negative towards student centered teaching and were more teacher centered. This
model suggests that reform efforts need to go beyond dissemination of EBIPs and must
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focus on raising the interest levels and adoption rates of these practices. To do this we
must understand what gets instructors interested in these practices in the first place.
A model which emphasizes the importance of individuals while placing them
within their own context is Departmental Action Team Model of higher educational
change (Ngai et al., 2020). These small teams of department members, including
faculty, students, and staff, called departmental action teams (DATs) work together
towards two main goals: to “creat[e] sustainable improvement to education in their
department and to support them in becoming more adept at creating change in the
future” (Ngai et al., 2020, p. 2.). Ngai et al. (2020) draw from the work of Dunne and
Zandstra (2011) to define change agents as “someone who is dissatisfied with the
status quo and is therefore seeking to spur change” (p. 7). Importantly, these change
agents may include faculty who have high institutional power, like department chairs, or
faculty who are perceived as holding “high institutional status” (frequent publishers,
grant recipients, or long histories in the department) as well as those who are perceived
as holding “low institutional status” (non-tenure track faculty, new members of the
department).
While this strategy generally appears to be “developing shared vision” as
described by Henderson et al. (2011), at its crux this model centers those instructors
who are already invested in the process of change and work actively to engage
colleagues to do the same. The teams then develop other folks and the relationships
between them to create a sustainable model of change by contributing new context and
teacher thinking. In fact, development of change agents is one of the key goals of the
DAT model so that these change agents can implement successful change efforts and
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hopefully support others in a way that “transcends them as individuals” (Ngai et al.,
2020, p.7). This suggests that the most crucial part of propagating change is
understanding how to develop individuals who will engage with reform and then share
this knowledge and collaborate with others.
However, understanding the factors that interested, engaged, and sustained
these instructors’ motivation in participating with the process of adopting new pedagogy
is a messy undertaking (Lund & Stains, 2015). To develop more change agents, it is
important to understand those factors which help instructors develop their commitment
to this change without external prompting from systems such as DATs.
Teacher Thinking
Teacher thinking as defined in the Teacher Centered Systemic Reform model
(TCSR) includes a teacher’s knowledge and beliefs about: change, content being
taught, students and learning, teaching, teachers and teaching efficacy, and schools
and schooling. To separate knowledge and beliefs is a difficult task, as they are
“inextricably intertwined”, but beliefs filter knowledge and impact interpretation of
cognitive structures of individuals and so they were referred to more often as mediating
behavior (Pajares, 1992). This does not mean, however, that knowledge components
were not discussed, it merely explains the focus on beliefs as a predictive construct.
Components of teacher thinking have been the focus of research on instructional
change because it is theorized that instructors are more likely to change their
instructional practices when they change their conceptions about how teaching and
learning should occur (National Research Council, 2012). If an instructor is going to
implement any instructional practice, they must first be aware or have knowledge of the
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practice. However, putting research into practice is not as straight forward as informing
practitioners of these research-based practices. It is not a reliable sequence of events
that new information will change your beliefs. So, while the change strategy of
disseminating new pedagogy has been mildly successful in making instructors aware of
EBIPs it has been less effective in persuading instructors to adopt these EBIPs
(National Research Council, 2012). Although knowledge of reformed practices is
necessary for adoption it is not predictive (Lund & Stains, 2015; Rogers, 2003).
Instructors need other types of complimentary knowledge like knowledge of teaching
and learning. If instructors do not have the knowledge to implement the reformed
practice correctly or the knowledge of its underlying principles it can lead to
abandonment of the practice (Rogers, 2003).
Instructors use knowledge and affect to form beliefs and attitudes which impact
the practices they enact in their classrooms. For example, if faculty members believe
that the best way for students to learn is through didactic teaching methods, those
faculty members will continue to use such methods until they have a personal
experience which indicates otherwise, as demonstrated in Andrews and Lemons (2015).
This idea was emphasized in the development of the TCSR model, trying to address the
historical paradox of change without difference. A qualitative study of biology instructors
attempting to implement case study teaching, an active-learning strategy, showed that
instructors drew from, and prioritized, their own personal experience over empirical
evidence when making decisions about case study teaching. Anecdotal evidence of
positive student outcomes promoted the use of case study teaching, suggesting that
because the instructor believed it would provide good outcomes for their students, they
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were more likely to implement this method regardless of the empirical evidence that
supports this belief (Andrews & Lemons, 2015).
The degree to which chemistry instructors’ practices align with their beliefs varies
in the results of these studies. Gibbons et al. (2018) observed that the instructors whose
self-reported classroom practices reflect a reformed environment have more strongly
held reform-minded beliefs about teaching and learning. They also reported that those
instructors who used more traditional, instructor centered practices had the least
confidence in their pedagogical abilities while the most confident were the interactive
and lecture with literature styles. These instructional styles incorporated student
engagement activities or connect topics to real-world scientific applications. However,
instructors in the lecture style and small group style scored similarly in their self-efficacy
although these two instructional styles are very different in levels of reform, suggesting
that self-efficacy is not an indicator or predictor of enacting reformed pedagogy. Popova
et al. (2020) also observed that overall, beliefs of most participants were somewhat
aligned with their instructional practices. However, they observed a distinct group of
instructors who held student-centered beliefs but were characterized as only moderately
student centered by the Learner-centered teaching rubric.
Personal Factors
Personal factors as defined in the Teacher Centered Systemic Reform Model
(TCSR) include the individuals’ demographic profile, nature and extent of teacher’s
preparation to teach, types and years of teaching experiences, nature and extent of the
individuals continued learning efforts (both in a general sense and in specific subject
areas). The constructs encompassed by personal factors tend to overlap heavily with
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teacher thinking emphasizing the reciprocal relationship highlighted by the TCSR. For
example, continued learning, often referred to as professional development (PD), offers
instructors opportunities to grow their knowledge in content or classroom practices in
order to facilitate greater student outcomes. The impact of the PD may not be the
simple action of engaging with continuing education but instead, the knowledge gained,
or beliefs shifted. Afterall, it is agreed that individual change is often sparked by
dissatisfaction with one’s own teaching practices or the belief that there is a better way
for students to learn (Henderson et al., 2011; Woodbury & Gess-Newsome, 2002).
While new knowledge may spark this dissatisfaction or belief the dissatisfaction could
be prompted by engaging with PD.
Many opportunities for PD are one-off workshops and do not allow faculty to
continually engage with the material and fully understand how it could benefit their
classroom practices (National Research Council, 2012). Programs that focus on related
concepts which last longer than 4 weeks tend to have the greatest impact, which aligns
with the idea of spacing and revisiting materials in the learning process. Unlike K-12
where PD is often top-down and requires instructors to engage with these opportunities,
PD opportunities in higher-education are typically voluntary and self-selected.
Instructors who already have some dissatisfaction with or interest in improving their
teaching are likely to be the ones engaging with these opportunities more than the
instructors who may not see this as a priority.
One study showed that faculty who participated in the Louisiana Collaborative for
Excellence in the Preparation of Teachers (LaCEPT) were slightly, yet statistically
significantly, more likely to plan for learner-centered instruction and then deliver it. They
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were also slightly more likely to use small groups and technology practices which
aligned with Evidence-Based Instructional practices (EBIPs). However, participation in
this program only accounted for 3% of variance related to learner-centered strategies
and does not guarantee causation. Instead, these results could suggest that those
faculty who were willing to engage in the LaCEPT were likely to use or want to use
these practices anyway. Garet et al., (2001) suggested that the primary components of
professional development which have the greatest impacts on instructors are a focus on
content knowledge, opportunities for active learning, and coherence with other learning
activities.
One of the larger PD efforts in chemistry stems from National Science
Foundation sponsored initiatives to propagate PLTL and POGIL. These initiatives
provide workshops, classroom materials, and networks of faculty to encourage the
adoption of these practices. However, an assessment of adoption readiness before and
after of one of these POGIL workshops showed that the workshop had little effect on an
instructor’s readiness to adopt POGIL and in some cases, decreased their readiness
(Bunce et al., 2008). After attending the workshop instructors had new knowledge that
left them feeling unprepared or unable to implement this new strategy with fidelity,
decreasing their self-reported readiness to adopt POGIL. Many of these studies focus
on faculty members currently in service but some studies of Science, Technology,
Engineering, and Math (STEM) doctoral students suggest that altering their “preparation
and expectations of for teaching … represents a more efficient way to influence future
instructional practice than changing the teaching behavior of already active faculty
(National Research Council, 2012, p. 195).
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Contextual Factors
Contextual factors as defined in the Teacher Centered Systemic Reform Model
(TCSR) include the national, state, and district context, school context, department and
subject area context, and classroom context (Woodbury & Gess-Newsome, 2002). The
national, state, and district context includes factors such as funding initiatives,
standardized testing, core curricula, demographics and expectations. The school
context includes type and size of school and grade levels, school community, budget
choices, organization of physical space, schedules, and leadership. The departmental
and subject area context includes subject area, teacher and department demographics
and expectations, budget choices, physical location and organizations, teachers’ class
load and schedule, and leadership. Lastly, the classroom context includes subject area
and type of class, student demographics, abilities, and expectations, budget choices,
physical organization of the room, class size, duration and time of day, and materials
and technology available. All contextual factors reflect the cultural norms of interaction,
behavior, and instruction. A review from the National Research Council on disciplinebased education research suggests that “few studies have rigorously examined
instructional practices within disciplines, and even fewer have studied practices across
disciplines at the undergraduate level” (National Research Council, 2012, pg 194).
In a study of eight sections of physics instructors teaching introductory calculusbased mechanics, Lasrey et al. (2014) found that student-centered classroom spaces
are most effective when used with student-centered pedagogies. They observed that
conventional classrooms with an instructor in the front of the classroom with all students
facing the instructor, were in alignment with teacher-centered practices. In contrast,
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student-centered learning spaces with no distinct front where students sat in small
groups made facilitating student peer interactions and collaborations much easier. In
this case the context of the classroom dictated which type of instruction would be most
effective. Interestingly, they also observed that some instructors were more willing to
adopt student-centered teaching practices after using student-centered classroom
spaces suggesting that the context could influence enacted practices. To facilitate
adoption of these practices, smaller class sizes are recommended as smaller classroom
sizes were associated with more student-centered delivery (Walczyk & Ramsey, 2003).
Professional societies can have varying levels of impact on an individual’s
teaching practices. For example, an accrediting agency for engineering requires that
programs seeking accreditation need to demonstrate effective instructional practices,
and as a result there have been documented improvements in teaching and learning in
engineering programs with this accreditation (Volkwein et al., 2007). However, the
American Chemical Society approves programs on a voluntary basis and there has
been no evidence demonstrating the impact of this approval on instructional efficacy
(National Research Council, 2012). In general, federal funding which contributes to the
larger context of instruction has been slightly effective in promoting use of learnercentered techniques (Walczyk & Ramsey, 2003).
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CHAPTER III
METHODOLOGY
The purpose of this qualitative case-study was to gain a deep understanding of a
small population of instructors in Colorado who implement evidence-based instructional
practices in their postsecondary chemistry classrooms. Factors which influence the
adoption of these practices are reciprocal in nature and difficult to isolate as
independent variables. To this end, a combination of survey data, observations, and
interviews were analyzed using a variety of methods discussed herein. Institutional
Review Board (IRB) approval was granted prior to the collection of data to ensure
proper research ethics and procedure were followed (Appendix D).
The following research questions guided this study:
Q1

What are the personal characteristics that influence instructors to start
and continue implementing EBIPs in post-secondary chemistry
classrooms?

Q2

What beliefs about teaching and learning are held by post-secondary
chemistry instructors who adopt and sustain the use of EBIPs in their
classroom?

Q3

How do these beliefs align with observed classroom practices?
Sampling

This study sought to explore characteristics of post-secondary chemistry
instructors who implement evidence-based instructional practices (EBIPs) in their
classrooms. Therefore, individuals from a population of post-secondary chemistry
instructors within the geographical bounds of Northern Colorado were sampled. Utilizing

20
an inclusion criterion sampling strategy, instructors who indicated in the survey (see
Appendix A) that they were using at least one of the listed evidence-based instructional
practices at the time of data collection and consented to classroom observations were
chosen to participate. This technique was used ensure the sampling was information
rich regarding characteristics of instructors implementing EBIPs (Patton, 2002).
However, the participants in this sample were potentially biased due to the perceived
value of evidence-based instructional practices as they agreed to engage in the process
of being observed and interviewed about their practices.
Qualitative research methods often aim for a particular amount of data collected,
called theoretical saturation (Creswell, 2013) to assure that no further contributions
would be made with additional data collected. However, Braun and Clarke (2006)
suggest that the concept of data saturation is not in alignment with reflexive thematic
analysis which was used to analyze the data and so the six participants who met the
criterion were sampled, prioritizing rich data collection over numerical thresholds.
Participants
Participants in this study consisted of six post-secondary chemistry instructors
from multiple institutions in Northern Colorado. Each of the six (n=6) participants had a
unique background context representative of different components of the TCSR model.
Due to the highly varied nature of the experiences of these instructors, a detailed
account of data collected from these participants are summarized in Chapter 4. It is
likely that the general population of post-secondary instructors have their own unique
backgrounds that have reciprocal interactions between the components of the TCSR
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model and therefore the sample allowed insights into how these different interactions
contribute to enacted practices.
Data Collection
It was necessary in this study to understand an instructor’s classroom practice,
their teacher thinking, and their personal context. Several different types of data were
collected to capture these facets including a survey, observations, interviews, and
artifacts. Each phase of data collection is detailed in the sections which follow.
However, it is important to note that once data were collected in Phase 1 there was
simultaneous analysis of the data in an iterative process.
Phase One: Selection Survey
A survey adapted from Lund and Stains (2015) was distributed via Qualtrics to
universities in Colorado to purposefully select participants who report the use of
Evidence Based Instructional Practices (EBIPs) in their classroom. Additionally, the
survey contained four sections from the original instrument which include Educational
Background, Awareness and Adoption of EBIPs, Attitudes and Beliefs Towards
Student-Centered Teaching Inventory (ATI), and Context in addition to Demographic
and Continual Participation Information [See Appendix A]. Section three from the
original survey, communication channels, was removed and some wording throughout
the survey was adapted to fit the purpose of the study. For example, the survey
described their target course as the course “you are most able to teach in alignment
with your preferred teaching style” rather than “the course you agreed to be videotaped
in”. The survey was available to participants for three weeks from the initial
correspondence. Participants took the survey at their convenience within this time
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period. Additionally, one reminder email was sent out to participants one week after
receiving the initial debrief.
Phase Two: Classroom
Observations
To capture what these chemistry instructors were doing in the classroom the
Classroom Observation Protocol for Undergraduate Science, Technology, Engineering,
and Math (COPUS) developed by Smith et al. (2013) was used. This structured
observation protocol captured the frequency of students and instructors' behaviors. Of
the twenty-five codes, 13 captured what students were doing and 12 captured what the
instructor was doing. These codes were further collapsed to situate and further
contextualize each code as either passive or active in terms of the construction of
knowledge. These collapsed codes also make a comparison of instructors more
efficient. The categorization of each of the 25 individual codes as well as a description
of the associated behaviors are summarized in Table 1. Observations were recorded in
2-minute intervals in an electronic COPUS protocol sheet in Microsoft Excel [Appendix
B] over multiple sessions totaling approximately 2.5 hours (150 minutes) for each
participant. Observations were collected either in-person or online to accommodate
COVID-19 restrictions and were video recorded using a video recording device or
screen capture technology. Instructors consented to observation during the initial survey
to allow unobtrusive entrance into the classroom on days of observation and to make
the experience as streamlined as possible for participating instructors. Instructors were
reminded of their granted consent as well as their option to drop out of the study at any
time when scheduling observation hours.
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Table 1
COPUS code definitions and categories
Student Behaviors
Collapsed Code

Individual Code Individual Code Description

Receiving

L

Listening to instructor

Talking to Class

AnQ
SQ
WC
SP

Student answering instructor’s question
Student asking a question
Whole-class discussion
Student presentation

Working

Ind
CG
WG
OG
Prd
TQ

Individual thinking/problem solving
Discuss CQ in groups
Work on worksheet in groups
Other group activities
Making a prediction about a demo, experiment
Test or quiz

Other

W
O

Students waiting
Other
Instructor Behaviors

Collapsed Code

Individual Code

Individual Code Description

Presenting

Lec
RtW
D/V

Lecturing
Real-time writing on board, etc.
Showing/conducting a demo, experiment, etc.

Guiding

FUp
PQ
CQ
AnQ
MG
101

Follow-up on CQ or activity
Posing nonrhetorical, no clicker question
Asking a clicker question (CQ)
Answering student question
Moving through class, guiding work
One-on-one extended discussion with student(s)

Administration

Adm

Administration

Other

W
Instructor waiting
O
Other
Note. Code Definitions from Smith et al., 2013
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Phase 3: Semi-structured
Interviews
Semi-structured interviews, lasting approximately one hour, were conducted with
instructors after at least 2.5 hours of classroom observations were made. Three
interviews occurred in-person prior to the onset of the COVID-19 pandemic after which
the interviews were conducted via Zoom. Trate et al. (2020) suggest that remote
interview methods can have significant advantages and do not impact the efficacy of
interview results. Interviews were recorded using a primary audio recording device and
back-up audio recording device to ensure that all data were recorded in the event of
technical difficulties. The interview protocol [Appendix C] intended to elicit aspects of
teacher thinking and beliefs. Some questions were adapted from the Teacher Beliefs
Interview (Luft & Roehrig, 2007) to make it specific to chemistry while others were
created by the research team. Participants were asked initially to describe how they
came into their current position, starting from their last degree earned. This was
intended to act as an introductory question which would get the instructors talking and
also provide personal context of the instructor. Questions to elicit instructor beliefs such
as “How do you describe your role as a chemistry teacher” and “How do you think
learning happens?” were also asked along follow-up questions such as “Can you
provide evidence for...” or “How do you know...” to contextualize these belief
statements. Other questions in this interview acted to source an instructors’ knowledge
such as “What was your introduction to evidence-based instructional practices?” and
then asked the instructor to make value statements about these practices with
questions such as “What is the purpose of implementing [indicated practice] in your
class?”, “What is the most important feature of [indicated practice]?”, and “How does
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using this practice impact your students?”. The questions “How often do you reflect on
or modify your teaching? How and why?” served to better understand the processes in
which instructors engage in their own personal change of pedagogy. The full semistructured interview is available in Appendix C.
Instructors who participated in this study were asked to provide any materials
which contribute to how they teach and prepare to teach in their selected classroom as
artifacts. Such documents included a syllabus, lecture slides, handouts, and reference
materials as either electronic or physical documents to the researcher. These
documents were intended to help describe and aid in understanding an instructor’s
approach to teaching that may not be observable in the classroom or addressed within
the survey. However, providing these documents were optional and so many instructors
chose not to provide any additional artifacts to the research team and so analysis of the
artifacts was not considered.
Data Analysis
Survey data were used to identify participants for the study and to triangulate
data from the interviews. The survey data were analyzed in a descriptive manner to give
a fuller picture of the participants in this study including current enacted practices,
components of teacher thinking, and some personal context. There are many interacting
components of the Teacher Centered Systemic Reform Model (TCSR) which can give
an overview to identify which characteristics are shared among instructors. Section 4 of
the survey, comprised of the revised Approaches to Teaching Inventory (Trigwell et al.,
2005) was used to describe if instructors are more information-transfer/teacher-focused
or conceptual change/student-focused in their approaches to teaching. The revised ATI
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consists of twenty-two survey items to which participants could respond using five
options ranging from “rarely or never true” to “almost always or always true”. These
responses were converted to a five-point numerical scale where 1 represented “rarely or
never true” while 5 represented “almost always or always true”. Participants responses
to the conceptual change/student-focused and information-transfer/teacher-focused
scales (11 questions each) were summed individually to provide a possible score from
11-55 for both scales. However, it is important to note that there have been questions
about the validity of the ATI due to the internal structure (Harshman & Stains, 2017).
The Classroom Observation Protocol for Undergraduate Science, Technology,
Engineering, and Math (COPUS) was used to characterize how instructors and students
spend time in the classroom to make claims about the level of student-centered
instruction enacted in the classroom. Raw COPUS data from the electronic protocol
sheet were analyzed by first taking the ratio of how often a code was marked over total
number of 2-minute intervals recorded to determine the prevalence of each code as a
percentage. These percentages were uploaded into the COPUS Analyzer, an analytical
tool used to characterize instructional practices (Beta; Stains & Harshman, 2022). The
result of this analysis assigned specific instructional styles, called COPUS Profiles, to
each of the participants. Cohen’s Kappa was calculated to determine observer
reliability. These data were used to describe what instructors and students were doing
in each classroom observed in this study.
After the interviews were transcribed, they were coded both inductively and
deductively. To answer RQ1 and RQ2 reflexive thematic analysis (TA) was used to
analyze the transcripts as it is a common analytic method used to assist researchers in
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identifying commonalities across participants. This research took a reflexive approach to
thematic analysis following the “six-phase” approach described by Braun and Clarke
(2006) which includes: familiarizing yourself with your data, generating initial codes,
searching for themes, reviewing themes, defining and naming themes, and producing
the report.
To become familiar with the data, I began the analysis by listening to audio files,
transcribing, and rereading transcripts, taking note of any initial thoughts about
interesting “individual data items” (Braun et al., 2019, p. 852), and creating a general
summary of the interview. After familiarization with the data, initial codes were
generated in NVivo (Release 1.0) by reviewing each interview line-by-line in an
inductive process, identifying interesting features then assigning an appropriate label
(code).
These initial codes were brief summaries of raw data which primarily used similar
language from the participants to capture features of the interview deemed important.
These initial codes were grouped into potential themes, considering prevalence across
interviews and relevance to the research questions. These codes were reviewed
against the original codes. In review some themes were discarded, due to lack of
support, or condensed into other themes when the initial codes work better to support a
broader idea. Potential themes were reviewed against the overall data set to ensure the
themes support the questions being asked in the research.
Once themes were reviewed, they were defined and named to clarify “what [the]
themes are and what they are not” (Braun & Clarke, 2006, p 92). When themes were
named and defined, they were reported with detail to support their relation to the
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research questions 1 and 2. Regarding RQ3, to identify if instructors’ beliefs in this
sample of participants compare to those beliefs currently reported in the literature the
interviews were also deductively coded, using previously reported beliefs as the predefined codes.
Trustworthiness
Similar to internal validity, trustworthiness ensures the results of research are
believable or true and can be increased by maximizing trustworthiness criteria
(Creswell, 2013). There are four trustworthiness criteria in qualitative research:
credibility, transferability, dependability, and confirmability (Creswell, 2013). To ensure
credibility I used prolonged engagement, observing instructors over several class
periods and following up in an interview. Multiple sources of data were collected
including surveys, interviews, and observations, ensuring method triangulation. I also
employed the strategy of data triangulation; collecting observations on different days to
be sure the practices observed were representative of the course, not just that particular
day and by observing multiple instructors. Investigator triangulation was also used,
wherein more than one researcher analyzed the COPUS codes and interview themes.
The research advisor coded 20% of the recorded lectures using the COPUS protocol.
Cohen’s kappa for inter-rater reliability was 0.965. Additionally, the research advisor
coded 20% of the interview data. Initial inter-coder agreement was 86% and all
disagreements were discussed until agreement was met. Reflexivity also increased
credibility by making clear the impact of the researcher on the collection and analysis of
data from beliefs, attitudes, values and personal reactions to the data (Smith, 2006).
During literature review and data analysis, I kept an electronic research journal of my
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own assumptions and biases and how these may have impacted research decisions in
order to show reflexivity. To ensure transferability, thick description was used when
describing behaviors and characteristics of the instructor, including relevant contextual
factors which may add meaning to these descriptions. I also kept records of steps taken
throughout the research project to ensure dependability and confirmability.
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CHAPTER IV
RESULTS AND DISCUSSION
The purpose of this study was to examine multiple facets of instructors who selfreport implementation of evidence-based instructional practices in their classroom to
find common characteristics and beliefs among these instructors that contribute to their
interest and ability to implement and continue to implement these practices. The
qualitative case-study research design utilized in this research is outlined in Chapter 3.
Research Questions and Overview of Themes
This study examined three research questions:
Q1

What are the personal characteristics that influence instructors to start
and continue implementing EBIPs in post-secondary chemistry
classrooms?

Q2

What beliefs about teaching and learning are held by post-secondary
chemistry instructors who adopt and sustain the use of EBIPs in their
classroom?

Q3

How do these characteristics and beliefs align with observed classroom
practices?

The first research question was: What are characteristics and motivations that
influence instructors to start and continue implementing Evidence-Based Instructional
practices (EBIPs) in post-secondary chemistry classrooms? This question addressed
characteristics deemed unique from beliefs about teaching and learning situated in the
context of the Teacher Centered Systemic Reform model. The themes constructed
addressing this question were seen as broader traits that could potentially be influenced
by the reported beliefs but were distinct from them. These themes are presented in
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Figure 1 and are extensively discussed following description of the participants in this
study.
Figure 1
Summary of Instructor Characteristic Themes

Instructor Characteristics

Intellectual
Humility

Equity
Mindset

Commitment

to Learning

Social
Awareness

The second research question was: What beliefs about teaching and learning are
held by post-secondary chemistry instructors who adopt and sustain the use of EBIPs in
their classroom? This question addressed which beliefs about teaching and learning
were held by those instructors who implement EBIPs. While quantitative instruments
have been designed to capture general beliefs about Science, Technology,
Engineering, and Math (STEM) instructors to correlate these beliefs with practices, this
qualitative approach was taken to contextualize these beliefs specifically withing a
subset of instructors who are currently implementing these practices and examine how
they align with their practices. Beliefs included beliefs about role, how learning happens,
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and evidence-based instructional practices These beliefs are presented in Figure 2 and
will be discussed following research question 1.
Figure 2
Summary of Instructor Belief Themes and Subthemes

Instructor Beliefs
About Teaching and Learning

Beliefs About
Role
It’s more than content
Providing Cultural
Capital
Considering How
Material Should be
Presented

Beliefs About
How Learning
Happens

Beliefs About
Evidence-based
Practices

With Skills and Tools

Value of EBIPs

With Practice

Limitations to
Implementing EBIPS

Through Discussion

The third research question was: How do these characteristics and beliefs align
with observed classroom practices? Because the inclusion criteria for participation in
this study included self-reported use of evidence-based instruction this question was
asked to validate these responses and connect them to the beliefs and characteristics
elucidated by this study in research questions 1 and 2. The results of in-class
observations are presented and discussed following research question 2.
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Description of Participants
The participants in this study consisted of six instructors who worked at
institutions in northern Colorado. These six participants were chosen based on an
inclusion criterion of self-reported implementation of EBIPs on the primary selection
survey (see Appendix A). The nature of a qualitative case-study design allows rich
description of participants within this subset of instructors. The following section
describes multiple facets of these instructors framed by components of the Teacher
Centered Systemic Reform Model (TCSR). These components include demographic
background, awareness of select evidence-based instructional practices, instructional
and assessment strategies experience by each instructor as a student, and
departmental contextual factors.
To characterize the participants in this study we started by describing their
background. Each background component summarized in Table 2 is related to personal
factors in the TCSR model such as types and years of teaching experience, nature and
extent of teachers’ preparation to teach, and nature and extent of teacher’ continued
learning efforts.
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Table 2
Participant Background Information
Tammy
Type of Institution attended as an
undergraduate

Susan

Mary

Margaret
B

C

C

C

D, E, F, G, H

H

D, F, H

1997

1991

1997

100

90

90

% Research

0

0

% Service

0
2

Teaching Experience
First Faculty Appointment

C, D, E, F

Remmy
B

Takeo
B

G

C, D, G

2012

2019

73

40

80

0

10

40

0

10

10

17

20

20

3

2

4 or more

2

3

2011

Approximate distribution
of appointment
%Teaching

Expected Course Load Per
Semester
Have you previously participated in
program(s), workshop(s) and/or
course(s) on teaching?

Yes

Yes

Yes

Yes

No

Yes

Notes. Type of institution attended as an undergraduate
A. Research university or institution with master's and/or Ph.D. as the highest
degree in chemistry offered.
B. 4-year university or college with master's as the highest degree in chemistry
offered.
C. 4-year university or college with BS or BA as the highest degree in chemistry
offered
D. Other (please specify)
Teaching Experience:
A .I have no teaching experience.
B. I have K-12 teaching experience.
C. I was a laboratory TA in graduate school.
D. I was a recitation TA in graduate school.
E. While in graduate school, I taught lectures when the lecturer/professor was
absent.
F. I have taught at a community college.
G. I have taught at a 4-year college or university.
H. I have taught at a PhD-level, research-intensive institution.
I. Other (please specify)
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Tammy
Tammy was a white female in her 40’s from an institution with a Carnegie
classification as a doctoral university with very high research activity and communityengaged status. As an undergraduate Tammy attended a 4-year university or college
with BS or BA as the highest degree in chemistry offered. Her teaching experience
included teaching recitation and occasional lectures for absent lecturers as a TA in
graduate school, teaching at a community college, 4-year college or university, and at a
PhD-level, research-intensive institution. Tammy had 25 years of teaching experience
and her first faculty appointment started in 1997. Currently, 100% of Tammy’s
appointment was teaching an expected minimum of 2 courses. Tammy has participated
in training or workshops on teaching and learning, including sessions about increasing
student engagement and retention of material.
Susan
Susan was a white female in her 50’s from an institution with a Carnegie
classification as a doctoral university with very high research activity and communityengaged status. As an undergraduate Susan attended a 4-year university or college
with BS or BA as the highest degree in chemistry offered. Her teaching experience
included teaching at Ph.D. level research-intensive institution. Susan’s first faculty
appointment began in 1991, giving her more than 30 years of teaching experience. Her
current expectations in her role included 90% teaching and 10% service with an
expected course load of 3 courses per semester. Susan’s professional development
has included training or workshops on teaching and learning that included sessions on
active classroom learning and scientific teaching.
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Mary
Mary was a white female in her 50’s from an institution with a Carnegie
classification as a doctoral university with very high research activity and communityengaged status. As an undergraduate Susan attended a 4-year university or college
with BS or BA as the highest degree in chemistry offered. Her teaching experience
included being a recitation TA in graduate school, teaching at a community college and
at a PhD-level, research-intensive institution. Mary’s first faculty appointment began in
1997, giving her 25 years of teaching experience. Her current expectations in her role
included 90% teaching and 10% service with an expected course load of 2 courses per
semester. Mary’s professional development has included trainings or workshops on
teaching and learning that mainly covered active learning workshops.
Margaret
Margaret was a white female in her 30’s from an institution with a Carnegie
classification as a doctoral university with very high research activity. As an
undergraduate Margaret attended a 4-year university or college with a master's as the
highest degree in chemistry offered. Her teaching experience included being a
laboratory and recitation TA in graduate school, teaching occasionally for absent
lecturers/professors in graduate school, teaching at a community college and at a PhDlevel, research-intensive institution. Margaret’s first faculty appointment began in 2011,
giving her 11 years of teaching experience. Her current expectations in her role included
73% teaching, 10% research, and 17% service with an expected course load of 4 or
more courses per semester. Susan’s professional development has included training or
workshops on teaching and learning that covered online teaching strategies.
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Remmy
Remmy was a Latino male in his 40’s from an institution with a Carnegie
classification as a doctoral university with very high research activity. As an
undergraduate Remmy attended a 4-year university or college with a master's as the
highest degree in chemistry offered. His teaching experience included teaching at a 4year college or university and at a PhD-level, research-intensive institution. Remmy’s
first faculty appointment began in 2012, giving him 10 years of teaching experience. His
current expectations in his role included 40% teaching, 40% research, and 20% service
with an expected course load of two courses per semester. Remmy has not participated
in training or workshops on teaching and learning.
Takeko
Takeko was an Asian female in her 30’s from an institution with a Carnegie
classification as a doctoral university with very high research activity. As an
undergraduate Takeko attended a 4-year university or college with a master's as the
highest degree in chemistry offered. Her teaching experience included being a
laboratory and recitation TA in graduate school, teaching at a 4-year college or
university and at a PhD-level, research-intensive institution. Takeko’s first faculty
appointment began in 2019, making her the least experienced instructor among all the
participants. Her current expectations in her role included 80% teaching and 20%
service with an expected course load of 3 courses per semester. Takeko has
participated in trainings or workshops on teaching and learning that were aimed towards
electronic resources and spreading instructor awareness of OER (Open Educational
Resources) materials. She was observed in her Chemistry for Non-Majors course.
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Instructor Characteristics
One main aim of this study was to identify distinct personal characteristics of
instructors who implement evidence-based instructional practices into their classroom.
These characteristics are the result of a wide range of knowledge, beliefs, and other
various components encompassed by the Teacher Centered Systemic Reform (TCSR)
model that have culminated in the characteristic I will discuss herein that address my
first research question:
Q1

What are characteristics that influence instructors to start
and continue implementing EBIPs in post-secondary chemistry
classrooms?

Each of the following themes were constructed from interview data using reflexive
thematic analysis. Patterns and relationships between initial codes were analyzed and
refined into themes that represent personal characteristics common among the six
instructors interviewed in this study. Themes that were constructed from this analysis
suggest that these instructors who implemented evidence-based instructional practices
in their classroom have: intellectual humility, an equity mindset, a commitment to
learning, and social-emotional awareness. While each participant had a variety of
individual, contextual, and behavioral characteristics, evidence for each of these four
themes were present among each of the six participants.
Intellectual Humility
Part of the process of learning includes being metacognitive or in a simplified
summation “thinking about your thinking”. This might evoke images of students reading
through their latest problem sets in their chemistry course dissecting what they do know
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about the problem and what they do not know and then acquiring the resources to fill in
the gaps. However, we can apply the concept of metacognition to instructors navigating
their own process of learning in which they're making a change to their pedagogy. The
instructors in this study demonstrated what is a fundamentally metacognitive construct,
intellectual humility (IH).
On its own, humility is a rich concept which Tangney (2009) says is
“characterized by an accurate assessment of one’s characteristic, and ability to
acknowledge limitations, and a “forgetting of the self’” (p. 484). While humility focuses
on the greater self, IH focuses specifically on perceptions of one’s own knowledge,
beliefs, opinions, and ideas or being humble about the acquisition and application of
knowledge. Zmigrod et al., (2019) describe IH as “a character virtue that allows
individuals to recognize their own potential fallibility when forming and revising attitudes”
(para.4). While I had not previously been aware of the concept IH, instead coding it as
being humble and self-aware, it became increasingly more aware that these instructors
were in fact, intellectually humble. Among humility researchers there is not one agreed
upon operational definition and so multiple perspectives of IH will be used when
describing how instructors exhibit this quality.
Tammy displayed a lack of intellectual over confidence, a component of IH
described by Coe et al. (2014) when she expressed that she knew a lot about how
students learn and the more she learned the less she felt she was doing in her
classroom. I asked her, “Would you say that your classroom practices are well aligned
with what we know about how students learn?” and she responded:
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You know, I'm going to do one of those things where I'm like, well, I know I
probably would've said yes, but the more I know about what you can do, the less
I feel like I really am doing. Does that make sense? I mean, I feel like I'm
probably doing a lot more than I ever used to, but I know that there is a lot more
out there that I could do. But I also know that there are only so many things that
you can change in any given term without going insane. And so, I think that it's
much better for me, for instance, to focus on a couple of things every term and
try to make sure that I'm just getting as much as I can out of those practices
rather than trying to incorporate more. Um, just because I know that they exist.
(Tammy, line 550 - 559)
While Tammy indicated some high self-efficacy in her knowledge of how
learning happens, she also indicated that with this knowledge she felt like she could be
doing more things in her classroom that would support learning according to the
knowledge she has. However, she knew it was more sustainable to focus on the few
things she knew she could implement than try to implement all the things she knew that
support student learning. She seemed to know where her balance between knowledge
and practice was and already incorporated a lot into her practice.
She also made a comment about how feeling like she taught well does not
equate to student achievement and she must decouple those things in her head to be a
good instructor:
I run a real danger of being such an experienced lecturer that, ‘Oh God, it makes
so much sense. God, it makes sense. I explained things so well. There's no
questions. It's awesome’… I have to constantly remind myself that that is not the

41
same thing is students actually learning. And I think that that's a painful thing to
come to grips with as an instructor because you really want to feel like, ‘Oh man,
man, I nailed that lecture. I did. It's such a good job. That was great.’ But that
does not necessarily reflect student learning and um, decoupling those things
from one another and being realistic about it is something that is just an ongoing
struggle. (Tammy, lines 574 – 580)
Here, Tammy acknowledged that her experience teaching may potentially bias her
perception of how well she was teaching in the classroom. Part of IH as defined by
Leary et al. (2017) included “recognizing that a particular personal belief may be fallible”
which Tammy recognized that, although she may believe the class went well, it does not
mean the actual goal was met.
Remmy expressed a lack of intellectual over confidence when describing his use
of the publication Chemical and Engineering News (C&EN) Magazine as a starting point
for student presentations as a way to engage students in their chosen topic, giving them
autonomy over what they’d like to study. I observed this activity in his classroom and
while I was of the opinion that it was executed well and could possibly support student
motivation and interest in the topic, Remmy seemed unsure of himself saying, “I don’t
know if I’m, uh, I never know if I’m doing it right or if this is the best way, but what I do
know is that … they need to be exposed to that”. He had some conviction that the
activity was helpful for student exposure but still questioned if he could be doing it
better. He had some sense of dissatisfaction which may lead to change which may
ultimately improve the activity.
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Another component of IH is respect for other’s viewpoints which many of the
instructors indicated, particularly when it came to feedback about their teaching
practices. When asking how Susan used her student evaluations she said, “You don’t
want to just take the good stuff and leave the bad stuff” (line 469 – 470) and that while
she took some things from students with a grain of salt such as comments on her
appearance, she said she was open to criticism. Takeko also indicated that she valued
the viewpoints of her students and learning assistants when receiving feedback on her
course evaluations, saying:
At the end of the semester, you really get to see what they like about the class,
you know what the constructive suggestions are. Also, I hire some TAs, as you
know, so the TA would be a good bridge to deliver the feedback from students
too. (Takeko, line 183 – 187)
Tammy discussed how helpful she found using a peer observation activity to improve
her teaching:
The teaching squares people! Yeah, that was really useful … you have them, uh,
look for certain things and you say, okay, I'm working on this, you know, how did
this aspect of the class work? And so, I could get feedback on how many people
around them are actually engaged. (Tammy, line 459 – 463)
Tammy was open to hearing how she could do better in her classroom and actively
sought out other people’s opinions, suggesting that she knew her limitations and saw
the value in other perspectives on teaching.
Margaret also was interested in how she can improve her class but took a
different approach from Tammy. She told me that when offered to participate in a
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project about student experience at her institution she was willing to participate: “I'm
happy to help and I'm happy to be part of it. Cause I always think there's room for
improvement, especially, you know, as the technology's changing. And I also like the
insight, um, into teaching.” Margaret displayed a growth mindset in her assertion that
she believed there was always room for improvement and that she valued the expertise
of the DBER researcher who asked her to participate in the program. She also showed
that she was aware that her pedagogy may change according to the technological
resources available, which suggested that she did not hold her beliefs about the way
technology “should” be used too tightly.
In observation of Takeko, I noticed she used concept maps and had indicated
that she uses them on her survey. When I asked her about her use of this practice and
why she thinks it’s valuable in her classroom she indicated that her coworker provided
the materials, but she thought they were a great idea.
I'll tell you that that concept map thing was already in the slides my coworker
gave those to me and I thought ‘Oh, this is a good idea!’ because it's very clear to
follow the concept maps rather than just reading slides by slides or definition by
definition. And then also in my past two years working for [university] I found
students like that idea or as I like to call it roadmap right. (Takeko 133 – 137)
In this moment she could have easily brushed over the fact that she had received them
from a coworker but instead gave the coworker credit and indicated that she valued her
coworker’s materials. She displayed IH when she gave credit to her coworker, showing
she respected multiple viewpoints and approaches, and it did not seem to threaten her
ego or self-efficacy as an instructor.
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Mary seemed to have high self-efficacy in her teaching abilities while still being
aware that her assessment of her pedagogy was relative to the knowledge she currently
holds. She didn’t just say, “I’m a great instructor and that’s that.” She acknowledged that
she felt like she was doing the best she could, given the knowledge she had:
I think my classrooms are, my classes are as, as well designed as I can currently
get them given my strengths. And again, I'm fine tuning, I'm trying to find new
ways to get more and more in. But there are, there are serious constraints for
sure. (Mary, line 403 – 405)
Mary’s IH was clearly present here where she showed independence of her intellect and
her ego. Just because she believed she was doing well didn’t mean she didn’t have
more to learn. She believed she could be a good instructor while still having room for
growth.
In discussion with Susan about active learning in group settings she described
her thought process when trying to facilitate an environment in which students were set
up to try and succeed and how she tried to evaluate that:
I feel like there's obviously literature out there that says, oh, you know, getting
them more actively involved during class time is beneficial. Um, in my experience
it's generally beneficial. Like I find that those sections that I do that in, I can, I
think that section tends to have a higher average on exams now. Um, it's always
a little tricky to, to parse it out. I'm sure [CER experts] know many more ways
than I do about how to analyze, um, you know, the, you know, learning and, but
just based on sort of the simple who gets the higher average on the exam. It was
the students in those sections that we did more. We did the group work in class,
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um, with the learning assistants. It's, they were also the smaller section. (Susan,
line 94 -101)
During her explanation she gave anecdotal evidence that she tried to use in order to
assess her pedagogy, but she admitted it was tricky to determine if her practices were
supporting her students. She was aware of what current literature said about active
learning in group settings and she thought critically about what it meant for her
classroom and students. She exhibited IH when she admitted the limitations of her
knowledge and skills in assessing her pedagogy and that her views of it could be
fallible.
The Dunning-Kruger effect has been highly influential in describing an
individual’s awareness, or lack thereof, of their competence. Often the prevalence of
poor performers overestimating their ability can be described as an absence of
metacognitive skill. As stated previously, IH is a highly metacognitive concept and so
where poor performers lack metacognitive skills and are overconfident, those higher
achievers with IH have a lack of intellectual over confidence. Instructors in this study
exhibited this lack of intellectual over confidence while still having self-efficacy for their
pedagogy. For example, when asked if she thought her teaching was aligned with what
learning theory has taught us, Mary stated that her encouragement of growth mindset
was well aligned but then continued to explain all the ways she could improve:
I'd say the ideas of encouraging growth mindset I think is there. I would like to
improve ways to help students develop growth mindset. So there's one thing to
encourage it and then it's another how, how do we build it? Right. And that's one
of the interesting things that, that some of us are looking into over the course of
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this semester. Telling students once, you know, you can learn how to do
chemistry, you can have a growth mindset is clearly not enough. So the, how we
do some of these things I think is important. And that's, that's where I'm trying to,
I don't think the answers are all there yet. I think there's research being done, but
how, how do you, especially with 200 students in the room, how do you help all
of them develop a growth mindset? … And so, trying to deal with all these
different groups of students and help everyone improve or strengthen a growth
mindset as well as the strength and problem-solving skills and learning skills or
life skills is not, it's not easy. It's not obvious how to do it. (Mary, lines 411 – 425)
While the question presented an opportunity for Mary to share her strength, she still
took it as a moment of reflection, first acknowledging her strength and then discussing
the logistical issues she had to make growth mindset highly present in the classroom for
her students. She was not overconfident in developing metacognition in her classroom
while still being proud of it as an area of her classroom that was aligned with learning
theory.
Equity Mindset
Throughout the interviews, students and student population were often used to
justify pedagogical decisions made by the instructors in this study although they were
never explicitly asked to discuss how students impacted their pedagogy. It became
readily apparent that through all decisions these instructors were not simply focused on
what their students could achieve but who they were and how that impacted what they
have currently achieved and what they might achieve in the future. Instructors
considered their proximity to the student experience and how different the lived
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experience is of students today compared to their own experience. They also frequently
recognized and considered students’ differing and individual learning needs.
Participants also identified ways in which differing visible and invisible identities may
impact the learning experience. Susan indicated that “I don’t think it works for every
student” (line 78-79) and that pedagogical choices are “Somewhat student dependent”
(Susan, 95 – 96). To this end, Tammy reflected, “How can you maximize a positive
experience for everyone?” (Line 504) and this question seemed to guide the participants
in this study.
Instructors in this study seemed to be highly aware that the population of
students they interact with have had a distinctly different educational experience to them
due to experience in their life. They also seemed to recognize that equitable practices
are necessary to support all students in the classroom. Margret spoke to some of the
experiences students have faced while she has been an instructor and how it changes
their learning process:
And so, I think learning about putting yourself in their shoes, remembering the
struggles of being a teenager and coming of age helps you have more empathy.
And I think changes your approach to the learning process that they're going
through. And I don't, I don't know, I've told my students that I don't know what
they'll become because they've had so many movements that would be life
change. Like one of them would be life-changing right. I mean, they've had mass
shootings, they had DACA, they had Black Lives Matter. They had, uh, you
know, the me-too movement. They're having the pandemic, they’re you know, it's
just like the immigration, like all of these things would have been, you know, life-
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changing to anybody they're having them all happen at the same time. Right.
Like that's a lot, especially for developing minds and they all experience every
one of those movements to a different extent, right? Like one student might be
more effected by DACA than black lives matter. Right? Like one student might be
affected by the me-too movement more than the recession. I don't know. I don't
know. It's hard. (Margaret, lines 387 – 398)
There was a deep recognition here that collective trauma experienced by her students
will impact how they show up in the classroom and therefore will impact how she has to
show up in the classroom for them. While Margaret pointed to shared experiences of
students during the last five to ten years, other instructors discussed more individual
barriers students may have faced that could impact their learning. Mary recognized that
some students may have not had that same educational background and may not be as
equipped with the skills that would allow them to be successful:
For some students they've already, they've already been taught [learning skills]
and other students have not had the opportunity yet to learn them. And it's a
shame to have the students who have not yet been exposed to these ideas or
have the opportunity to learn them, to leave them behind. They often haven't, it's
often no fault of their own that they haven't encountered these ideas. And they're
the ones who are most likely to look around and say everybody else is doing this.
And it's easy for them. I must be stupid. And that's a very sad thing and it's a very
frustrating thing and it's, it's not accurate if they don't know how to do the
learning. They're at a disadvantage but they can learn how to do the learning and
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then they can, they can learn chemistry and they can learn the learning skills.
(Mary, lines 101 – 109)
In this passage Mary described why she tries to be more explicit when trying to teach
and practice learning skills. She recognized that not all students have the same
knowledge. However, she did not approach this situation with a deficit mindset. She
specified that it is no fault of the students that they do not have these skills and that with
the right support they can learn them. She also specified that students who have not
been adequately supported in their development of learning skills may have their selfefficacy decreased as a result of negative self-talk associated with their abilities.
The instructors in this study also recognized that their students would have
varied learning needs. When Remmy was asked how he thought learning happened for
students he said:
I think that's that varies from student to student because every student learns
differently. And they are receptive to different things in different ways to,
somebody. So, some might be more receptive to or they're more used to maybe
perhaps to use reading things. (Remmy, line 37 – 39)
Remmy recognized that each student learns differently, and that one uniform strategy
will not work for all students. When discussing practicing problem solving with in-class
group activities Susan said, “I like doing that way [but] I don't think it works for every
student” (Susan, line 78). When it comes to assessment of student learning Margaret
tried to consider the purpose and goals of the students taking the class. She said, “I
have to be open to the fact that I have a lot of students who aren't chemistry majors in
my gen chem classes, and two aren't even STEM majors, right? (Line 229 – 231).
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Recognizing that their students have varying learning needs, they let their
students guide pedagogy. In reflection about how she modified her class Margaret
pointed to students’ experiences during COVID and how she adapted:
I'll, I'll modify, modify within the semester. Right. Because either social thing will
happen on the outside that I'm aware of or, you know, students will contact me.
Right? So, um, just through conversations with my students, I'll be like, okay,
that's not going to work…sometimes you just have a class where you realize, you
know, that half your class is commuting an hour and a half, and the other half is
living closer to campus. And then the activities that I want to do are just not
realistic because of logistics and that, you know, that's a little different now I'm
learning now about my students, how, you know, they're because of the way
they're learning. Right? Like I've, I adjusted just even how I give the exams,
because I have so many students who are caretakers either to their children or
their siblings or an older family member that even though they could come to
lecture, right. They can't take the exam at that time because they wouldn't be
able to concentrate for 75 minutes straight. (Margaret, line 404 – 412)
While some instructors reflected on firsthand experiences they either witnessed or have
communicated to them by students, other instructors relied on their learning assistants
(LAs) to help connect them to their student population. Susan mentioned her LAs on
various occasions. In one context she referred to them helping bridge questions about
content “the LAs are typically pretty good. Like they're close enough to the student
experience that … they're pretty good at getting what the students are asking and
providing some things other than just an answer.” (Line 248 – 250). However, on
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another occasion she discussed how they allowed her to get a better perspective into
the minds of her students. She said, “having good go-betweens, like learning
assistance, like a bridge between you and the student where you can get a little bit
more, you know, insight into their mind.” (499 – 502). She recognized that she may not
understand the student experience, but she has resources she can access to do so.
Takeko also had this realization and she said, “I hire some TAs, as you know, so the TA
would it be a good bridge to students.”
Besides a recognition of variances in learning skills among the general
population of their students and the need for equitable teaching practices to support
them, the instructors also recognized the visible characteristics such as gender
expression, physical characteristics, age and skin color, which may impact a student’s
learning experience. Remmy suggested that if these students are going to be retained
in Science, Technology, Engineering, and Math (STEM) fields, instructors need to make
chemistry more interesting:
For instance … underrepresented minorities right in the sciences are not joining
the field… female … just any underrepresented group in chemistry, at least. So,
if you don't make it interesting, those numbers are not going to change to begin
with. So, if you ask, ‘Oh, why don’t you pursue a PhD?’ Well, if you want them to
pursue a PhD, you have to make the, the PhDs or this career interesting to begin
with, because otherwise you can't expect people just to pursue these careers.
(Remmy, line 194 – 199)
While active learning strategies which employ group work have been supported
historically to support students, Susan showed that she was equity minded when she
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considered that their still may be some inequity in outcomes for students engaged in
these practices. When reflecting on her use of group activities in her classroom she
said:
I mean there's a big, um, and rightfully so. A lot of discussion about equity in the
classroom and, and so and I when I think about doing the active learning and
groups of tables, you know, groups of students at tables, I almost thought it had
the opposite effect. And I could be wrong because again, I don't, I don't have a
lot of way to analyze outcomes. And I would say that's one of the bigger
problems that when you try things new is, I mean I can say, yeah, okay, 2%
bump in the average, but we have very few tools available to us. We can
analyze, you know, DWF rates for different sections and we can do that for
different pop student populations to some extent. But, um I mean that's, to me
that's very limited. (Susan, line 298 – 304)
She said she could not be certain because she had a limited ability to analyze the
outcome of this activity and that instead she could only do some personal reflection.
When reflecting she indicated several types of visible characteristics of students who
may not have had the best experience in those group settings:
It's really just thinking about it yourself and deciding did this really work? Did it
not work? How could it work better? Um, like again, anecdotally I felt like, like
students who we, we, it might be students of color, it might be an international
student. It might be, um, a student that you look at, and this is going to sound
weird, but just like, okay there, I don't know, it might be just pink hair or
something. You know what I'm saying? … I felt like they, again, anecdotally just
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sort of getting a sense of people in the classroom, I'm not sure they felt more
welcome. If anything. I almost felt like they felt less welcome when we had these
groups of students. (Susan 308 – 322)
She likened this experience to feeling isolated in a social setting. She realized that there
was a lot more going on than just the simple task at hand. Learning is social and these
visible characteristics may have an impact on how they are interacted with in the
classroom. She went on to describe this experience for students in which she said:
It’s like the difference between going to a movie alone and kind of going to a
party alone that you don't know anybody yet and you can kind of slip in the back
in the movie. And watch it and not feel too uncomfortable and get out of it, you
know, enjoyment. The experience when you go to a party and then you just like
you, feel like you're the, you know the outsider, you don't know anyone. You're
not talking to anyone. You feel isolated. And I kind of felt like that was going on
and I don't know, again, is it assigning tables that would help but then again, I
don't know if I assign them would, if that would make a difference or not. (Susan,
line 322-333)
In the movie, or when working alone, you may not feel the same discomfort as when
you are at the party, or working in groups, which can make you feel isolated. While she
still preferred using this pedagogical method in her class, she was still paying attention
to the dynamic between her students and considered how she can make it the best
experience for all of her students.
Instructors in this study also indicated several invisible characteristics about their
students which may impact their learning. This may include first-generation students,
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undocumented students, students experiencing poverty, and other non-visible aspects
of a student’s identity. Margaret implied that many of her students are first generation
and knowing this impacts her role in the classroom. She said:
I do also, um, try to transition my students into the university, uh, learning, uh,
and the process, knowing that a lot of them are first-generation students, so that
therefore, um, they don't have that mentorship at home right there. Isn't a parent.
Uh, some are lucky to have siblings. Some are the first in their families to kind of
teach them how to learn, how to be successful, advertise the resources that they
have, which many of them don't know. So, some of my role, I think, in this class
and same in general chemistry is helping students transition into that, into this
world, right along with teaching chemistry … I'm also keeping in mind myself
when I was 18, um, that maybe I wasn't confident in, in talking to my parents
about some things, right. Not, not that they were closed off, but because you
know, you're 18 and you think, you know everything, and you don't want to tell
your parents that you don't know something cause that might show weakness.
So, I'm okay with being that sounding board for this age group as well. Um, along
with that, but that's because it's first year... I do continue some of these things,
these practices to older students academically, but not necessarily the same
(Margaret, line 65 – 80)
She was aware that first-generation students may not know how to access resources or
may not have someone they can discuss important aspects of the collegial experience.
She also tried to relate to their experience and mentioned that talking to her parents
was difficult for her at that age.
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Margaret herself was a first-generation student as well as an immigrant, so her
parents did not provide her much support when navigating post-secondary education
because they did not have the same experience. She showed awareness of how the
experience might be different for students who were not first generation when she said:
If I was teaching at a school that had, you know, mostly second- or third-year
generation of students, I don't think I would have to [be a support system] as
much, because I think those students would have the network to rely on, on their
parents to help them. You know, if they're having a conversation with their mom
or their dad about, you know, not doing well in a class since their parents have
gone through it, they might be like, Oh, well you should go to office hours or isn't
there a tutoring service, or let me, you know, help you look online where I
remember as a first-generation student, I didn't have that because my parents
didn't know that world. And definitely as an immigrant, my parents didn't know the
American experience in education. Um, so I think, especially with the
demographic that we have that as somebody who's been through the process,
it's our job to help those students. That's part of the successful transition, to be
the role model (Margaret, line 92 – 103)
Mary identified privilege as an invisible characteristic that may impact students learning
and her role in the classroom. Mary taught at a public institution where she felt
“obligated to try to help everyone learn whether they have had a privileged up bringing
up to this point or not.” (Line 52-53). Mary specified a “privileged up bringing” but did not
extrapolate on what she meant specifically, although I assumed from the context, she
most likely meant financial privilege.
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During my interview with Remmy I noticed a poster on his wall and briefly asked
him about it. It was a red poster that read “My Name is Remmy and I’m an unafraid
educator”. Remmy discussed the meaning with me:
Oh yeah. So as a, and then it says on the bottom I work with and for
undocumented student and families. So, it's basically just to make the students
that make up DACA status or just undocumented, like make them at ease if they
come into my office. (Remmy, 427 – 429)
When I asked him why it’s important to him to have it displayed in his office he replied,
“Oh yeah, of course. Because I came here to the states since I was 14 and I've been
undocumented since the age of 14. And so, so that's why it's important” (Remmy, line
435- 436). Remmy was actively trying to make his undocumented students more
comfortable and at ease when they come into his office. His own identity influenced his
decisions and he made it visible. This small act of having a poster on the wall could
potentially be something that keeps a student coming back for help or advice.
Commitment to Learning
Often, pedagogical change is discussed as an end goal which can be broad like
transitioning from instructor-centered to student-centered pedagogy or can be specific
like incorporating clickers as an engagement activity. However, these discussions tend
to overlook the processes instructors are engaged in as they attempt to reach that goal
as process can be difficult to operationally define and measure. A characteristic of
instructors constructed from the interview data was a commitment to learning.
Instructors in this study provided evidence that they sought to improve their teaching
through formal and informal professional development, reflection, and modification. For
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some instructors, there were certain goals in mind such as fostering a growth mindset in
students. For others the goal was simply to be a better instructor.
Informal methods of professional development instructors used as part of their
engagement with the learning process included discussion with colleagues, sharing of
knowledge, receiving peer feedback, and reading literature. Sometimes participants
reported having discussions with other instructors who taught the same course such as
Mary who said,” I talk with other instructors who are teaching the same course” (line
288). Mary was observed using clickers in her classroom and when asked when she
started using them, she said:
Yeah, let's see, when I first came here, I had never used clickers before, I always
taught at smaller institutions. And when I showed up I was teaching the same
class. There were two other instructors who were teaching and I was told this is
what we do, these are how clickers work. And so, I started using them. I thought
they were fantastic. (Mary, line 156 - 158)
There was no formal discussion about the use of clickers, however, Mary saw this as
the norm and adopted it although she didn’t have previous knowledge of how to use
clickers. Other than her use of clickers Mary said she picked up other suggestions from
her peers that have been very helpful, although she did not specify which other
suggestions. While Mary was not familiar with these practices previously, she was
willing to learn. When asked what her introduction to different teaching practices was,
Susan also said that “most of it was just through talking to other people in the
department” (line 191).
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When it comes to sharing knowledge, Tammy indicated that she shared
demonstration requests with her colleagues:
I always copy everybody that I'm teaching with on my, um, requests for every
demonstration I usually, and including if it's something that I want them to follow
a particular prep, I will be including that as part of the message. So, my
colleagues always know what it is that I'm doing. (Tammy, 321 – 323)
Tammy was particularly excited about demonstrations and wanted to share them with
her colleagues. She said that she was introduced to these practices as an
undergraduate student and worked to improve them and make them greener throughout
the years. Tammy did not simply take a demonstration out of a text and use it endlessly.
Instead, she engaged in an iterative process responsive to the new knowledge she had.
As far as receiving shared knowledge goes, Mary reported that she got new ideas from
a newsletter:
We also get some newsletters coming out. [A colleague] runs our master teacher
initiative and she sends out a weekly little item, tip, little email a reference. I know
it could be an article or some suggestions and things. (Mary, line 214 – 216)
Formal methods of professional development instructors used as part of their
engagement with their learning process included teaching squares, workshops, and
conferences. Teaching squares are a structured peer observation activity in which four
instructors cycle through rounds of observations where they ask for target feedback in
their classroom. Mary was one of the instructors who engaged in this activity:
The teaching squares has been super useful. I've done that a couple of times
where you have a group of three, well, it's supposed to be four faculty members
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and you visit each other's classes twice over the course of a semester. And we
have forms that you can use to help guide your observations and you can say,
I'm in particular working on this either classroom. It could be some aspect of
classroom climate, or it could be some aspect of feedback or assessment.
There's a nice set of feedback tools based on various aspects of teaching
[provided by the teaching and learning center]. And so, you can say, these are
things I'm working on. And then when you visit the classroom, you're observing
and making observations that are helpful. And then you can also meet, you're
also taking observations that are useful for things you want to try yourself. And
then you meet and discuss. (Mary, line 291 – 300)
Mary even indicated that it was not only the feedback from her peers that she found
helpful about this activity. She also said that she got a lot of good ideas from observing
others and brought them into her classroom. Tammy also mentioned that she used
feedback from the teaching squares, and she found it very helpful to have the targeted
specific feedback. Remmy, Margaret and Susan also indicated that they used peer
feedback to improve their teaching, although they did not mention the same teaching
square structure.
Many of the instructors indicated that they engage with their university’s centers
for teaching and learning. Five out of six participants reported previously engaging with
programs, workshops, or courses on teaching. Topics reported included: increasing
student engagement and retention, active classroom learning, scientific teaching, online
teaching and open electronic resources. However, even Remmy, who had indicated that
he did not participate in workshops on teaching and learning on his survey, mentioned a
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recent workshop he had attended on making online classroom formats more equitable.
It is possible Remmy attended this and other workshops after he had submitted his
survey. To me this showed that Remmy was being responsive to the shift from inperson learning to online as a result of the COVID-19 pandemic so that he could
support his students with these additional tips.
Tammy said she was encouraged to use her teaching and learning center by a
visiting lecturer, and it changed her practices over time:
I mean, I know that when [instructor] was here, um, she was very gung-ho about
things and really encouraged us to take advantage of the [center for teaching and
learning] programs, which is something that I have had started to do because,
um, they're available. Um, so I would say that over the last few years, I've
probably gotten a little more engaged in the, I definitely have changed some
things. (Tammy, line 254 – 258)
I appreciated Mary’s direct evaluation of the programs she has attended when she says,
“We have various luncheons and workshops and things that are like, I, not all the ideas
are useful, but it's often new ideas that you can think about and, and use in class.”
There is an element of critical evaluation in her statement where she is not blindly taking
these suggestions but instead thinking about them and how they may apply to her class.
Use of literature and conferences were discussed less, however a few
participants pointed to their engagement with these resources. Margaret engaged with
literature as part of her professional development and said, “once in a while it moves me
that maybe I'll write a paper. So of course, I'll read the, the journal of chemical education
and then I get in a spiral on that.” Susan also suggested but did not directly state that
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she reads recent literature when she said, “there's obviously literature out there that
says, Oh, you know, getting them more actively involved during class time is beneficial.”
Mary also never directly stated that she reads the literature, but she specified that she
found a newsletter sent out by her colleague valuable, which sometimes included
interesting literature. Assumedly the value she got was coming from the resources
within the newsletter and not so much the newsletter itself.
A major indicator that these instructors were committed to the learning process
was their process of reflection and modification. Not only were instructors reflecting on
their teaching practices, they were also taking steps to adjust the practices. Instructors
discussed topics they reflect on as well as how they reflect. In terms of modification,
instructors discussed when to modify practices and how they did it. Reflection is
metacognitive and required to grow in your own process of learning. Without proper
reflection, modification can be misleading and unhelpful, resulting in little to no positive
change.
Instructors indicated that they reflected through informal personal reflection,
discussion with peers, and through external assessments. I found that this was highly
intertwined with informal professional development. When it came to discussion with
peers as a form of reflection, instructors indicated they occurred specifically between
instructors who taught the same course. Personal reflection included constant informal
reflection:
So informally I'm constantly thinking, it's like, okay, am I leaving everyone
behind? Right. Am I like only taking with me the top 10 students or the 10% of
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the students and the other ones are like in limbo trying to figure out things? So,
so that, I think about that a lot. (Remmy 243 – 246)
Remmy did not indicate that he wrote these things down or made specific goals, but he
did state that he was thinking about it frequently. This connected back to Remmy’s
equity mindset as he was reflecting specifically about how the students themselves
were impacted.
Susan said of the changing technology:
You're still always trying to optimize whatever materials as they become
available. So, you've optimized, you're trying to optimize, you know, the text and
the online. I mean, online learning platforms are just, um, there's huge
differences in them. Um, that's not really something that's going on in the
classroom, but it's still a component that you're constantly reflecting on. (Susan,
line 369 – 372)
Margaret indicated that she reflected after her classes:
Sometimes after lecture I'll go and be like, that didn't go well. Um, and just be
like, ah, or I didn't like it, or I didn't like the story beforehand, you know, it's, it's a
story, right? That we're presenting. (Margaret, line 345 – 347)
Margaret likened presenting material as “presenting a story”. Making information
meaningful to students in an interesting, well organized way (like a story) helps students
internalize information and so she was fine tuning this process.
Topics of reflection that instructors discussed were the student experience,
available resources and their personal pedagogy. As discussed previously, Susan
reflected on whether some activities may make students with varying identities feel

63
excluded and how that may negatively impact them. Remmy reflected on if students
were being left behind and how to balance challenging students and helping students
through:
So, I also think about like having to reach a, an equilibrium where I'm going to
challenge them, that is not going to be just like, well, you know, like 90% of them
don't understand that an oxygen is an, O, let’s repeat pages of that, you know,
I'm not gonna do that. (Remmy, line 365 – 368)
Remmy wants to challenge his students but doesn’t want to challenge them so much
that he is leaving a majority of students behind to cover simple material. He wants to
find a balance. Tammy simply wondered, “How can you maximize a positive experience
for everyone?”
Instructors also reflected on available resources such as technology, peer
learning assistants, and supplemental materials such as homework. Takeko found that
her students really enjoyed using the polling feature of Zoom as an engagement
technique. She also reflected on whether she preferred in-person to online teaching.
She seemed to prefer online instruction to in-person. Mary was concerned about the
ability for homework programs to give meaningful feedback and reflected that to some
extent it does. Susan mentioned that one thing she reflected on was how to use the LAs
most effectively and how to do it in a way beneficial to both the students and the LAs.
The last major topic of reflection included instances of reflection on personal
pedagogy. Of her teaching Tammy said:
I think that there is always room for improvement. I could always be doing a
better job. I mean, it doesn't mean I, and I don't think that, and I, I don't think that
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saying that means that I think I'm doing a terrible job or anything like that. I think
the acknowledging that I have room for improvement is just rational. It's not, it's,
it, it doesn't imply that I'm terrible, you know, or anything like that. And I think that
sometimes people do take it really personally, you know? And I think that you
kind of have to get over that, you know? (Tammy, line 175 – 181
Here Tammy showed her intellectual humility and how it interacted with her reflection
and modification of her teaching practices. Mary also reflected on her class,
acknowledging what went well and what could use improvement:
I will usually after class try to think about this, the things, you know, strengths
that, that, that were helping the class and why and areas for improving and how
and try to adjust things as I go on. (Mary, line 234 – 236)
These topics of reflection allow instructors to make decisions about how to
modify their classroom practices. Related to instructor equity mindedness, instructors
discussed modifying teaching according to student population and need. Many of these
instances were represented in the theme of equity mindedness. For example:
Sometimes you just have a class where you realize, you know, that half your
class is commuting an hour and a half and the other half is living closer to
campus. And then the activities that I want to do are just not realistic because of
logistics and that, you know, that's a little different now I'm learning now about my
students, how, you know, they're because of the way they're learning. Right?
(Margaret, line 405 – 407)
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Margaret let her students’ lived experiences guide how she modified her pedagogy. She
reflected on if the activities she wanted to do in class were realistic for all of her
students as she learned about them.
Instructors also discussed modifying their practices according to the resources
they have. For example, Mary said, “I'm teaching differently than last semester because
I have learning assistants this semester and … we're meeting in different classrooms”
(line 254 – 255). Other instructors noted availability of larger classrooms and that they
employed more active learning strategies when they have access to them. They
adapted their teaching strategies according to the physical space available. Susan even
mentioned, “there was one classroom across campus … that has enough tables and
chairs for 200 students” (line 67) meaning she was not likely to have the space that
allows her to teach with her preferred strategies.
Instructors also noted new knowledge as a resource. As they gained new
knowledge, they used it to modify their classrooms. Much of this modification was a
result of the knowledge they gained through professional development and reflection, as
discussed earlier in this description of instructors’ commitment to learning.
Social Awareness
The last major characteristic I saw from the participant data was social
awareness. Social awareness is one of five competencies central to Social Emotional
Learning framework set forth by The Collaborative for Academic, Social, and Emotional
Learning (Payton et al., 2000). In this framework, social awareness is defined as:
The ability to take the perspective of and empathize with others from diverse
backgrounds and cultures, to understand social and ethical norms for behavior,
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and to recognize family, school, and community resources and supports. (Lawlor,
para. 6)
This theme is strongly related to the themes of intellectual humility and equity
mindedness. Learning is a social process and so social awareness allows instructors to
capitalize on this aspect. Social awareness skills expressed by participants in this study
included: Demonstrating empathy and compassion, showing concern for the feelings of
others, creating and maintaining a caring community.
Empathy and compassion are important aspects of social awareness. Some
instances which revealed instructor compassion were small, like when Mary said, “it's a
shame to have the students who have not yet been exposed to these ideas or have the
opportunity to learn them, to leave them behind (Mary, line 103). However, some
instances were much more profound:
When a student tells me like, “Oh, I'm distracted”. And if you talk to, you know, a
dinosaur like me will, we roll our eyes, I'm distracted too get over it. But then
when you actually talk to them, you realize that like, what they really mean is I
live with my parents who have no boundaries so they'll just come in the middle,
you know, in the middle of lecture, they'll come into my room or I'll be studying.
And they don't understand that I have to do these problems because they're
readings and they don't see that as, you know, um, work. Right? Or, you know,
my mom used to believe that I came out of the uterus knowing chemistry and that
I didn't need to study so when she needed me to run errands and I'd be like, “I
have an exam tomorrow”, she'd be like, “whatever, you'll do fine.” Like not
whatever, like I do fine because I do problems. Right. And so, but they won't say
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that, right? My students won't say that, they'll just say I'm distracted. Right. And,
and that word means all that to them. But to us it means like they don't know how
to turn off their TV. Right? And so I think learning about putting yourself in their
shoes, remembering the struggles of being a teenager and coming of age helps
you have more empathy. (Margaret, line 376 - 389)
Within this statement Margaret showed deep social awareness recognizing the
difficulties students may have communicating all the factors in their life that are
impacting their learning. She admitted that on the surface it can sound like an excuse
but when she listened to her students the many barriers they face became apparent.
She suggested that instructors should put themselves in their student’s shoes which will
give them more empathy.
Instructors also showed concern for the feelings of their students. In one
instance, Tammy discussed trying to help her students handle nervous energy when
taking exams:
I've been trying to take some time to tell them that, you know, it's okay for them
to be nervous and not feel like they know what's going on before an exam. That's
probably in a lot of times that's a good sign. (Tammy, line 121 – 123)
Many students may feel like they don’t know what’s going on during an exam. This
could be highly demotivating, embarrassing, or disheartening for students when they
feel like they are the only ones. Tammy reassuring her students that it is normal to feel
this way showed that she was aware that students feel this way and she wanted to ease
the experience for students. Mary also showed concern for her students’ feelings, noting
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that students have preconceived notions about what their chemistry class will be like
and it causes them discomfort:
It's new for so many students and it puts them out of their comfort zone. They
often walk in having heard absurd rumors about the chemistry program that had
been on campus for decades, decades. You know, that most students fail a
course, all the other, there's all kinds of stuff. So they walk in concerned. (Mary,
line 229 – 232)
Awareness of this concern helped Mary build in opportunities to show her students that
they had the skills to learn in her class and to practice them.
Social awareness can be displayed through leaning into others’ perspectives with
curiosity. Recognition of the value of others’ perspectives in a classroom comes from a
place of intellectual humility, where other knowledge does not threaten your own sense
of self. Takeko said of her students:
I kind of enjoy dealing with students, because they give you all kinds of ideas, not
only you deliver, you know, knowledge to them, but also they share some cool
ideas to you and then maybe the updated new technologies to you (Takeko, line
40 – 44)
Takeko was open and willing to learn from her students. There was no sense of
superiority which allowed a collaborative environment to flourish. When students see
their knowledge and opinions matter it can improve their self-esteem and make them
more likely to engage in the classroom.
Takeko valuing her students’ knowledge could also create and maintain a just
and caring community, another display of social awareness. Mary said, “I like to help the
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everyone think that, feel that, they belong (Mary, line 54). I thought it was interesting
that she stopped herself and changed think to feel. It evoked a sense of balancing logic
and emotion and that maybe in the case of belonging, emotions take over. Remmy
fostered a just and caring environment by displaying his own identity and support for
undocumented students. He displayed a poster in his classroom that said, “I work with
and for undocumented student and families.”
Instructor Beliefs
Personal characteristics are the result of a variety of components including
beliefs, so it was important in this study to examine what beliefs were held by these
instructors about teaching and learning. While there has been much focus on beliefs as
strong predictors of behaviors, they are only slightly correlated with implemented
teaching practices. However, it is important to reveal the beliefs held by the participants
in this study not to correlate with the implementation of these practices but to see how
they may contribute to these greater characteristics and their classroom behaviors. This
section will discuss my second research question:
Q2

What beliefs about teaching and learning are held by post-secondary
chemistry instructors who adopt and sustain the use of EBIPs in their
classroom?

Beliefs About Role
Instructors’ perceptions of what their role is will, in some ways, shape how they
fill that role. When asked what their roles as chemistry instructors entailed, these
instructors discussed both explicit and implicit roles including delivering content and
teaching learning skills. It was clear that the participants agreed that teaching chemistry
content was “obvious” (Tammy, line 41) or a “given” (Margaret, line 93). While the role
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of delivering content related to chemistry appeared obvious to instructors it was
interesting to note that the instructors also saw their role as much broader than that.
Aside from teaching chemistry content, instructors identified learning and life skills as
crucial topics to present in their courses. Instructors also indicated that part of their role
was to provide cultural capital to their students.
Some participants mentioned specific learning skills such as growth mindset or
critical thinking while other participants mentioned more broadly preparing students to
be “college level learners”. Participants also indicated specific groups of students who
were the targets of their efforts. On reflection of her role Takeko said, “Really, my goal is
to help as many students as possible.”
It's More Than Content
Teaching Learning and Life Skills. Instructors in this study believed that part of
their role was teaching learning and life skills. Margaret called this a “hidden role of
teaching” while something like the content was the given. Remmy put his perspective
simply, “more than teaching chemistry, we’re teaching critical thinking skills.” (Remmy,
line 26 – 27).
Remmy had a focus on critical thinking as the skill he was trying to teach his
students. Takeko also said that teaching critical thinking skills was part of her role but
she expanded on other skills as well:
My role is to help the students to develop some you know critical, what's that
word, you know, skills like critical thinking, time management, what's the other
one, yeah critical sort of the problem solving too. (Takeko, line 86 - 88)
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While Mary believed it was part of her role to teach learning skills, she did
express that content does impact the number of other skills that can be taught in a
chemistry classroom:
It’s a fine line how much time we have to spend on learning skills cause we still
have all this content that we have go to get through. We've got lists of things, of
content, we have to cover but if I can help some of the students along the way
also strengthen their learning skills, that's, that's important.” (Mary, line 155-117)
The instructors interviewed taught a combination of general chemistry and
organic chemistry, both typically considered lower-level courses. Because this was the
context they were teaching in, the participants focused on preparing students to be
“college-level learners.” Mary said of her role, “Um I'm teaching chemistry and life skills
and learning skills to a lot of students and it's all, it's all rolled up together, especially in
the first year” Mary (line 37 – 38) and that she wanted to “help [students], as many of
them as possible, become college students” Mary (line 39 – 40). In Mary’s case, the
acts of teaching chemistry and learning skills were interdependent to setting up students
for success not only in the course, but for their college career. Tammy gave some more
detail about why these instructors may feel like this was their role:
“I think that because of the timing of when many people take gen chem, I am
often their introduction to college level learning. I am often someone who can
potentially influence their study habits and the way that they approach learning in
general from here on out. And so, although I am applying a lot of that in the
context of chemistry and, uh, learning specifics of that field, I view the habits that
I'm trying to instill in my students as potentially broader ranging. And I think that I
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try to do things that I think are going to encourage those habits in the long run”
Tammy (line 42-46)
Mary specified that with her students she had been trying to emphasize a growth
mindset in the classroom. Students with a growth mindset understand that their abilities
can develop independent of their intelligence or skills (Dweck et al., 2014). She learned
this concept while engaging with the teaching and learning center at her university and
found it important to incorporate into the classroom.
I like to help the everyone thinks that, feel that, they belong and that if they don't
have those learning skills yet that they can develop them and to try to help with
the growth mindset for all of our students. (Mary, line 53 – 55)
Interestingly, she linked having learning skills to a sense of belonging in the classroom.
She believed that a growth mindset will help students realize it’s not about inherent
ability, it’s about the learning:
We're trying work towards goal, a growth mindset. And by emphasizing the
learning rather than, you know, ‘you've got what it takes, and you don't’, I think
that's pretty important. The idea that, that everyone can learn this, so ya, I think
that's pretty important. (Mary, line 240 – 242)
Tammy said even more than study skills, she wanted to teach her students life skills.
She referenced that she encouraged her students to wear their bike helmets and when
they saw her on the street while riding their bikes, they pointed out to her that they were,
in fact, wearing one:
I have had definitely people who have seen me later, you know, out and about
and you know, like, ‘Oh, you know, I loved your demonstrations’ or better yet
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zipping, by on a bicycle, ‘See I'm wearing my helmet.’ You know? I actually
literally get that on the bike trails. It is hilarious. I love it. (Tammy, line 371 - 375)
She believed that her students recognize that she cared about them beyond their
academic achievement and that contributed to a positive learning environment.
Anderson et al. (2020) describes good teaching as care which Tammy displays in these
interactions with her students.
Providing Cultural Capital
Cultural capital refers to the non-financial assets such skills, knowledge, and
attitudes associated with dominant culture in a given setting that can influence a
student’s success in school and in life (Bourdieu, 1986/2011). Put simply, these are the
skills necessary to navigate an environment which in this case, is a college chemistry
classroom. It is the hidden curriculum of post-secondary education. This type of capital
is typically passed on by socialization and a lack of cultural capital in an educational
setting has been shown to disadvantage students in non-dominate groups (Sablan &
Tierney, 2014). Students who have cultural capital will have been socialized to the
college experience and as a result may have an easier time adjusting to college life.
Cultural capital in this setting can include things like having parents or siblings that went
to college, knowing how to interact with college professors, knowing how to access
campus resources, and having views congruent with the universities mission.
Margaret indicated that she should act as a support system for students who
have not had role models with experience in the educational system in the U.S.:
This other [role], especially when in first-generation students … if I was teaching
at a school that had, you know, mostly second- or third-generation of students, I
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don't think I would have to as much, because I think those … students would
have the network to rely on, on their parents to help them. You know, if they're
having a conversation with their mom or their dad about, you know, not doing
well in a class since their parents have gone through it, they might be like, Oh,
well you should go to office hours or isn't there a tutoring service, or let me, you
know, help you look online where I remember as a first-generation student, I
didn't have that because my parents didn't know that world. And definitely as an
immigrant, my parents didn't know the American experience in education. Um, so
I think, especially with the demographic that we have that as somebody who's
been through the process, it's our job to help those students. That's part of the
successful transition, to be the role models. (Margaret, 92 – 103).
In her description of acting as a support system she described cultural capital in the
form of parental advice for navigating resources such as office hours and tutoring. A
first-generation student may need these resources without the knowledge that they exist
or the resources to discover them. Margaret believed it was her role to provide this
cultural capital, skills necessary for success, to her students.
Mary said she had an obligation to help young people be successful and wanted
to be different than the “old model…look to your right, look to your left, one of these
people won’t be here” (Mary, line 50 -51). She recognized that a student’s background
may contribute disadvantages to their learning in the form of cultural capital and
therefore believed it was her role to provide them with the skills and resources in the
classroom so that all students had the opportunity to develop learning skills and did not
feel othered in the class due to their lack of cultural capital:
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I think as a public institution we're obligated to try to help everyone learn whether
or not they have had a privileged up bringing up to this point or not. I like to help
the everyone think that feel that they belong and that if they don't have those
learning skills yet that they can develop them and to try to help with the growth
mindset for all of our students. (Mary, line 37 – 34)
She felt like it was her role because she wanted students to feel like they belong (which
implied that this belonging had to do with being prepared/successful in academia) and
to give them the learning skills to succeed.
Susan talked about providing a framework for students and making skills explicit
for students:
I always think about it like playing a new board game. If you have to read the
instructions, you can get it. It's a little easier if someone says, ‘Hey, this is what
you do. And then if someone, you know, then it's also a little bit easier if you just
watch some people play it for a little bit. So I think instructors, you know, I have a
role in doing that so they have a role in explaining the rules or whatever it might
be and then providing examples to show, Oh, okay, so in practice is actually how
you do it. (Susan, line 64 – 67)
Here she described the skills of navigating her course as the rules of a game. Students
who have cultural capital come to college knowing the rules, while other students do
not. To try and make her classroom more equitable Susan tried to not only explain the
rules but also how they apply in the classroom.
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Adapting Role to Meet Student
Population Needs
As discussed as part of research question one, these instructors had an equity
mindset and that was reflected in their belief that part of their role as an instructor was
to adapt to meet student population needs. Margaret reflected that her role may be
different if she had multigenerational students rather than first generation students:
This other [role], especially when it’s first-generation students, you know, I just
don't, you know, if I was teaching at a school that had, you know, mostly second
or third year generation of students, I don't think I would have to [teach learning
skills] as much, because I think those students would have the network to rely
on, on their parents to help them (Margaret, line 93 - 96)
Beliefs about How Learning
Happens
Learning Happens with
Skills and Tools
Learning and life skills were frequently discussed by participants, which was
reflected in their beliefs about role. Instructors believed that learning happens when
students have appropriate tools and skills. So, it follows that they would believe it was
part of their role to teach them these skills. Mary said, ‘[If] they can learn how to do the
learning and then they can, they can learn chemistry and they can learn the learning
skills (Mary, line 108 - 109). She implied that if students know how to learn, they can
learn chemistry and while she had, “lists of things, of content we have to cover,” she
wanted to, “help some of the students along the way also strengthen their learning
skills” because ‘that's important.” (Mary, line 116 - 118)
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A specific skill that instructors believed was part of how learning happens was
metacognition. Margaret said, ‘students have to, you have to think about your learning’
and that you won’t have learned unless you do that for yourself:
If it's rules, you know, like naming or significant figures, I could repeat that until
I'm blue in the face, but until you kind of grasp it and think about it and organize it
yourself, it won't make sense. (Margaret, line 478-479).
Students need to be metacognitive and think about what the rules mean for themselves
so they can understand it. Tammy described a combination of metacognitive knowledge
and skills students need in order to learn:
Um, I think that figuring out how to struggle with novel problems, to try to figure
out how to get yourself to be able to gather information, to figure out what the
problem is, asking, um, to figure out what, what sorts of, um, building blocks you
have at your disposal for getting you from the question that's being asked to a
solution to that problem (Tammy, line 71 - 74)
Gathering information is a metacognitive skill called planning in Zohar and Dori’s
Metacognitive Framework (2011). Figuring out what the problem is asking and how to
get the answer from the information would be considered metacognitive knowledge.
Susan also described students learning through the use of metacognitive skills and
knowledge:
Students don't even know they don't know it until they start trying to do problems.
And once you are faced with that, then you're starting to think about, okay, now I
can use that knowledge and here's how I'm going to apply it. And you know, I can
approach problems like this, you know, with these steps. I think about this first
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and then I think about this. And so, I would say it's problem solving is where
students learn. (Susan line 125-130)
Although Susan said that it was problem solving where students learn, the process
which she described specified a highly metacognitive approach to problem solving.
Learning Happens with Practice
Instructors in this study believed that learning happens through practice. They do
not believe that information is just passively transmitted from the brain of the instructor
into that of the students. Margaret said:
I think learning, uh, it's, it's not a one-shot deal. And just because somebody has
the right answers doesn't mean they actually learned the concept. They've just
learned how to answer a question or do an equation, but it takes some time to
play around with it and go back to actually learn it and understand it. (Margaret,
line 180 - 183)
In this statement she acknowledged that learning takes a lot of time and revisiting to
truly understand. To that end, Takeko said, “Yeah so you have to do a lot of practice
after the lecture” (line 90). Remmy mentioned that as a result of practice, students can
find what works for them to help them be successful:
A lot of practice lot of practice a lot of patients, they have to Be able to come up
with on their own their own their own, of course you provide some tools, but they
don't work for everyone. And so I think the challenge is, they do have to come up
with their own methodology that that that works for them what successful for
them and then apply. (Remmy, line 48 - 53)
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Students who internalize their own process for problem solving may not fall into the
traps that rote memorization and algorithmic approaches may present.
Learning Happens Through Discussion
Instructors in this study constantly indicated that they valued student interaction.
A reason for that could be that they believed that students learn through discussion. In
this example, Tammy articulated the importance of being able to explain and articulate
chemical ideas:
And I think that they are very, you know, it's important for them to figure out how
to, to talk about things and to teach one another that way. Because I think that,
you know, you learn through struggling with problems, you also learn through
explanation. And so it's important for them to practice articulating ideas that they
have and being able to talk with their peers. (Tammy, line 80 - 82)
Teaching others is a learning strategy which has positive learning outcomes for
students. This idea expressed by Tammy shows how practice (which instructors
believed was part of the learning process) is made better with an engaging aspect.
Beliefs about Evidence-Based
Instructional Practices
Beliefs about the Value of
Evidence-based
Instructional
Practices
Several beliefs about evidence-based practices were expressed by the
participants. One set of beliefs communicated the value instructors saw in implementing
Evidence-Based Instructional practices (EBIPs) in their class. One of these beliefs was
that implementing EBIPs teaches students how to learn. Margaret stated this directly
when she said, “I value [EBIPs] because I think, um, students learn how to learn.
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Right?” (line 311). Mary specified how she helps students learn when she said, “I think
they're getting students actively thinking and [inaudible]. I think that's really important. I
think it also helps to have them [have] community. (Mary, line 224). When students are
actively thinking and engaged in the process, they are going to learn better than if they
were in a traditional lecture setting.
Another belief about the value of EBIPs was that they allow students to be
metacognitive. When they are given an active task students have to engage and see if
they understand which helps the learning process, for example:
I think a lot of [the value] is just having a chance in class for students to stop and
think about what you just said. ya know? Like, okay, yeah, I think I understand
what she said. Um, now here's a chance for me to see whether or not I really can
apply that. (Susan, line 230 - 232)
In a traditional lecture setting students receive a lot of information without the
opportunity to really work with and understand it. Implementing these practices gives
them that opportunity to slow down and engage.
Takeko was observed using worksheets as a group activity and she expressed
that at first she implemented them because students were not speaking up in class but
then realized that implementing these practices ‘force’ student to engage:
You know, they just feel so hesitant to talk loud in front of so many students, so
… sometimes I pause and then I ask them like, “What do you think, should I run
another example? or you want to work by yourself first?” You know? And then I
can go over the steps with you and then they just don't want to interact that much
so I come with this idea, maybe let's just make it as a [worksheet] and so [EBIPs]
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kind of force the student to engage more you know. And then, it turned out it's a
it's a very good idea as well. (Takeko, line 148 - 150)
Takeko identified that her students were nervous to speak out in class when they
reviewed as a group and therefore, they were less engaged and so she implemented
the worksheets to remedy this, which seemed to do the job.
Margret also appreciated that these different practices get students to engage in
a structured and supportive way:
And for anyone who has put together a lecture has learned that you really learn
when you have to teach someone. And when you have to explain the concept
from different angles … where somebody could explain, like provide their
explanation and you could pick out where the misconception is, right? You could,
you could get to the root of the problem and not just the symptom. Um, and I
think in those different practices, they get to, they get to go through those steps
in a, in a controlled, in, in a successful manner, right? (Margaret, line 320 - 324)
This passage expressed the value of EBIPs as engaging students but also providing
feedback to students. Instead of being at the podium lecturing, Margaret had the
opportunity to walk around and get a sense of how students were doing so that she
could address any issues while her students engaged with the material. Mary also
thought a value of EBIPs was that they allow her to give feedback to students. She said:
They give me some sense of some feedback too. On what, what aspects of
concepts students are struggling with. I think they're getting students actively
thinking and [inaudible]. I think that's really important .. I also like the community
building aspects of it too. (Mary, line 243)
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Besides feedback, the beliefs about the value of implementing evidenced based
practices voiced in this passage included engagement and community building.
Beliefs about the Limitations
of Evidence-based
Instructional Practices
While instructors believed that implementing EBIPs have a lot of value, they also
expressed some concerns. Susan reflects on the pitfalls of group work:
I didn't find it a panacea, let's say that. I mean. I still feel like there were things
that were frustrating. There were groups of tables, they'd never ask a question.
There was always one kid at that table who knew exactly what, I shouldn't say.
He, it could be a he or she, there was one kid at a table and they would know
how to do it and they would tell the others. But you know, it was very clear when
they, you know, when the test came that yeah, that kid got the answers, but the
others really didn't know what they were doing. (Susan, 280 – 285)
Group work does run the risk of higher performing students leaving lower performing
students behind. It can feel alienating to not know an answer so the student may not
ask for the help they need.
Instructors also believed that implementing these practices took effort:
It should look effortless. It should look like everything just happened to fall into
place. Oh, here's an example, you know, Hey, why don't you talk about this? I
just happened to have this cart here. Let's see what happens when I, you know, I
mean, it's really, I think that the, it requires a lot of, um, personal commitment to
decide that you want to do that. And it has to be important to you. (Tammy, line
347 - 351)
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Regardless of it being important to an instructor, it will still take a lot of effort.
Sometimes this effort was not recognized, or instructors were not fairly compensated for
it, which can be demotivating.
The last belief about the limitations of implementing these practices is that
students need to be trained to learn in that way. Instructors often mentioned that
students need learning skills when they enter their classrooms as they were never
taught them properly. For this reason, students have a difficult time adjusting to these
practices that should otherwise be supportive. Mary recognized this experience in her
students:
They think “I'm just going to walk into a classroom and receive information and I
will memorize it”’ That doesn't work for my chemistry class. And it’s new for so
many students and it puts them out of their comfort zone. (Mary, line 227 - 229)
Margaret described her experience in presenting her material asynchronously during
the COVID shutdown:
Out of a hundred and plus students, eight of them will watch my videos, it was
almost like a flip classroom where I still had that hour in lecture to kind of, I was
like, “I'll go over anything that you're having trouble with”. And they weren't
having trouble with anything because they weren't watching the videos or doing
the work. Granted that was pandemic times. They weren't trained in that. And
you have to train and create a culture. So it's not a fair failure, but it was my
biggest fear realized. Right. And I think it takes a lot of work to create that culture
of this is what we're doing. This is the value of that. Um, and I'm not gonna do
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that in a pandemic and I'm not going to do that in this semester, but it takes a lot
of work. (Margaret, line 334 - 338)
Margaret admitted that this felt like a failure on her part. She accepted that it takes a lot
of energy on the part of the instructor to create that environment and train those skills.
Some beliefs about evidence-based practices were also reported in the survey.
These results are reported in Table 3. Four participants agreed that teaching with new
instructional methods such as clickers takes more preparation time than lecturing.
However, all instructors agreed or strongly agreed to the statement, “I am interested in
implementing other strategies than lecturing in my class.” These instructors were
included in this study because they have already implemented strategies other than
lecture into their classroom so it comes as no surprise that they would be interested in
using more than lecture. In their interviews they showed a commitment to learning and
improving their teaching practices so even though a majority believe it takes more
preparation, they were still willing to do so. Tammy agreed that teaching with new
instructional methods limits how much content can be covered and Margaret disagreed,
while all other instructors did not have an opinion either way. Mary discussed in her
interview that content coverage did impact her ability to teaching learning skills in the
classroom but she still did it because she found it important. This is an example of why
qualitative research is needed when it comes to beliefs. Without Mary’s interview to
contextualize her ‘neither agree nor disagree’ answer, it could mean anything. However,
it seemed as though she recognized that it can limit coverage but she was willing to
take that trade off.
Interestingly, Tammy, Remmy, and Takeko all agreed that group work is more
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appropriate in the recitation part of the course than in the lecture. Although they may
agree, Tammy and Takeko were both observed using group activities in their class.
Again, an explanation as to why they agree may reveal that they think it’s more
appropriate because of the space they have, the time, or other resources that make
group work better. It also doesn’t necessarily communicate that they think you shouldn’t
do group work in class or that it’s not valuable there. Remmy was teaching online at the
time of his observation and did not use group activities. Margaret neither agreed nor
disagreed about the appropriateness. Mary disagreed with this statement whereas
Susan strongly disagreed. Both believe that groupwork is more appropriate in the
lecture portion of the course which aligns with their in-class observation in which they
used group activities with their students.
Table 3
Beliefs About Implementation of Evidence-Based Instructional Practices
Tammy

Susan

Mary

Margaret

Remmy

Takeko

Teaching with new
instructional methods
such as clickers takes
more preparation time
than lecturing

Agree

Agree

Agree

Neither
agree
nor
disagree

Agree

Neither
agree
nor
disagree

I am interested in
implementing other
strategies than
lecturing in my class

Agree

Strongly
agree

Strongly
agree

Agree

Agree

Agree

Teaching with new
instructional methods
such as clickers limits
how much content can
be covered

Agree

Neither
agree nor
disagree

Neither
agree nor
disagree

Disagree

Neither
agree
nor
disagree

Neither
agree
nor
disagree

Group work is more
appropriate in the
recitation part of the
course than in lecture

Agree

Strongly
Disagree

Disagree

Neither
agree
nor
disagree

Agree

Agree
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Instructor Classroom Practices
In this study the Classroom Observation Protocol for Undergraduate Science,
Technology, Engineering, and Math (COPUS) was used to give a general description of
student and instructor behaviors. While the developers note that “instructors’ Teaching
Practices Inventory time estimates were reasonably consistent with COPUS data from
their classes” (Wieman, 2021, p. 2) is important to remember that results reported from
the COPUS in this study were not used in tandem with the Teaching Practices
Inventory. Therefore, they can only be used as a general measure of behaviors in the
classroom with the understanding that it lacks a measure of quality of instruction
(McConnell et al., 2021). These observations were qualitatively compared to the beliefs
reported in the data to answer my third research question:
Q3

How do these beliefs align with observed classroom practices?

Each instructor was observed over 2 or 3 classroom sessions totaling
approximately 2.5 hours (or more) of observation per instructor. The classroom formats
in which these instructors were observed included fixed seating, flexible seating, and
online formats. Fixed seating referrers to the traditional lecture hall format where chairs
may be bolted down or otherwise difficult to rearrange while flexible seating can be
easily manipulated. Observation contact time and format of the observations are
summarized in Table 4 along with the participant clustering. Classroom contextual
factors such as classroom format contribute to overall contextual factors in the Teacher
Centered Systemic Reform model (TCSR) model which interact reciprocally with the
personal context of instructors. Classroom formats also limit which codes can be
observed when using the COPUS. For example, when being observed online an
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instructor could not be marked MG, moving through the class although they still may be
observed interacting one on one with students. Refer to Table 1 (p. 23) for COPUS
code definitions.
Table 4
Summary of Classroom Observation Protocol for Undergraduate STEM Data Collected
for all Participants (n=6).
Instructor
Pseudonym

Course
Observed

Classroom
Layout

Class periods
observed

Predicted
Cluster

3

Total
minutes
observed
244

Fundamentals
of Organic
Chemistry

Flexible

Mary

General
Chemistry

Fixed

3

140

4

Tammy

General
Chemistry

Fixed

3

148

4

Margaret

General
Chemistry for
non-majors

Online

2

158

3

Remmy

Organic
Chemistry

Online

2

230

3

Takeko

General
Chemistry for
non-majors

Fixed

2

146

3

Susan

6

Susan
Susan was categorized as an instructor similar to those in cluster 6 according to
the COPUS Analyzer (Beta; Stains & Harshman, 2022), which belongs to a group of
clusters (Cluster 5, 6, and 7) that encompassed “instructors who incorporate student-
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centered strategies into large portions of their classes” (Stains et al., 2018, p. 1469).
Instructors who implement POGIL as their main style of instruction often fall into this
category. Susan self-reported that she implements POGIL intentionally in her
classroom. She is likely categorized in this cluster due to the amount of time students
spent on worksheets and her time spent on direct, one-on-one feedback to students
during these activities. While Susan still spent most of her time lecturing (70%) a large
portion of her class time (27%) was spent engaging in guiding behaviors (Figure 3).
Other behaviors (13%) observed were often categorized as waiting (W). During these
periods of waiting, the instructor allowed student teaching assistants to be the ones
guiding and interacting with students one-on-one. Susan was not always engaging in
only one type of behavior (presenting, guiding, administration, other) during any given
time block as evident by the total percentage of behaviors engaged in during each 2minute time block (112%) and by the minute-by-minute data. For example, sometimes
Susan used real-time-write (RtW), a presenting behavior, while following up on a
student posed question, a guiding behavior during the same time interval.
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Figure 3
Percentage of Condensed Instructor Behavior Codes in Two-Minute Intervals Recorded
with the Classroom Observation Protocol for Undergraduate STEM in Susan’s
Classroom.
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Susan’s students’ behaviors summarized in Figure 4 indicate that 70% of
behaviors observed were receiving information from Susan (70%) which was about as
often as she was presenting (73%). When not receiving information, students were
engaged in behaviors such as working on worksheets (25%), answering questions
posed by Susan, or waiting to start the class or transition between activities (6%).
Students were mostly engaging with materials on their own rather than by talking to the
class (1%). Students were often focused on just one task at a time, made evident by the
fact that most time blocks were coded exclusively as one behavior rather than many
simultaneously.
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Figure 4
Percentage Of Condensed Student Behaviors Codes in Two-Minute Intervals Recorded
with the Classroom Observation Protocol for Undergraduate STEM in Susan’s
Classroom.
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Mary
Mary was categorized as an instructor like those in cluster 4 according to the
COPUS Analyzer (Beta) (Stains & Harshman, 2022), which belongs to a group of
clusters (clusters 3 and 4) that described “instructors who supplement lecture with more
student-centered strategies” (Stains et al., 2018, p. 1469). Instructors clustered into
cluster 4 typically supplement lectures with clicker questions and group work whereas
cluster 3 typically uses other types of group activities such as worksheets. Guiding
behaviors exceeded presenting behaviors, however, behaviors in each of the collapsed
categories were coded simultaneously (Figure 5). Mary used a combination of the
approaches encompassed by clusters 3 and 4. Mary’s use of “Discuss clicker question
in groups of 2 or more students” (CG) and “Other assigned group activity, such as
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responding to instructor question” (OG) varied across each individual session. The use
of clickers with group discussion is distinct from simply posing a clicker question (CQ)
because the use of the clicker must engage students in discussion or reflection to be
active. For example, (CQ) was coded in session one of observations for Mary while
students were not coded for (CG) at all because students were not asked to discuss.
Mary tended to take a Socratic approach and posed questions during 50% of
two-minute intervals across all three observations. Mary posed lots of questions (a
guiding behavior) during her lecturing (a presenting behavior). Due to this cooccurrence in Mary’s preferred teaching style of guiding behaviors were observed 81 %
of the time and presenting behaviors were observed 58% of the time. Behaviors
categorized as other for Mary (Oi) were observed in 43% of the 2-minute time block
observed. Most of these codes were marked for times the instructor paused to ask if
there were other questions or clarifications needed and briefly paused for student
questions. One (Oi) behavior of note is that Mary made time in her classroom to remind
students of study techniques they had discussed previously in the semester and an
instance of encouraging students to use concept mapping as a study strategy.
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Figure 5
Percentage of Condensed Instructor Behaviors Codes in Two-Minute Intervals
Recorded with the Classroom Observation Protocol for Undergraduate STEM In Mary’s
Classroom.

Students in Mary’s class are observed receiving information from Mary 87% of
the time although she was only recorded as presenting 58% of the time. This could be
due to students listening during guiding behaviors from Mary such as following up on an
activity (FUp) while using the guiding behavior real-time writing (RtW). Mary’s students
were engaged in working behaviors about 66% of the time. Most of these working
behaviors (52%) were coded as other group work (OG) when students were working on
worksheets in groups guided by the instructor and teaching assistants (TAs) in the
course. Receiving and working were often coded simultaneously (see Figure 6) due to
Mary frequently checking in with real time writing while students were working.
Behaviors coded as other included moments where Mary asked questions and the
whole class responded, rather than just one student voice.
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Figure 6
Percentage of condensed student behaviors codes in two-minute intervals recorded
with the Classroom Observation Protocol for Undergraduate STEM in Mary’s classroom.

Tammy
Tammy was categorized as an instructor similar to those in cluster 4 according to
the COPUS Analyzer (Beta) (Stains & Harshman, 2022), which belonged to a group of
clusters (clusters 3 and 4) that described “instructors who supplement lecture with more
student-centered strategies” (Stains et al., 2018, p. 1469). Tammy was observed using
clickers about 20% of the time which is a behavior that distinguished cluster 3 and
cluster 4 instructors. Like a majority of chemistry instructors Tammy mainly used
lectures to deliver information. However, she also used in-class demonstrations to
present material to students. Tammy engaged students by posing questions, often with
clicker activities and following up on these questions with real time writing.
Tammy weaved guiding behaviors into her lecture with presenting behaviors,
each of which were observed 85% of the time and guiding behaviors were observed
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66% of the time indicating that guiding and presenting behaviors were often observed
within the same 2-minute time block. This is consistent with a teaching style in which
small bits of information are presented and then students are prompted to engage with
the material in a more active way. Tammy would prompt students when working with
clickers to “think about it for a second then talk to your neighbor.” She also encouraged
students to draw pictures to help their thinking process with multiple representations.
Other collapsed instructor behavior codes are reported in Figure 7.
Figure 7
Percentage of Condensed Instructor Behaviors Codes in Two-Minute Intervals
Recorded with the Classroom Observation Protocol for Undergraduate STEM in
Tammy’s Classroom
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Student behavior in Tammy’s classroom is summarized in Figure 8. The most
common behavior observed was students receiving information from Tammy. When not
receiving information students were discussing clicker questions in groups for extended
periods of time, with Tammy reviewing answers and giving additional information to help
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students through the clicker questions during the same 2-minute time blocks. Students
responding to questions by Tammy as a whole class in a call and response style were
coded often under the “Other” category because students did respond as a whole class
without necessarily engaging in a whole class discussion which would be captured by
any of the “Working” codes.
Figure 8
Percentage of Condensed Student Behaviors Codes in Two-Minute Intervals Recorded
with the Classroom Observation Protocol for Undergraduate STEM in Tammy’s
Classroom
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Margaret
Margaret was categorized as an instructor similar to those in cluster 3 according
to the COPUS Analyzer (Beta; Stains & Harshman, 2022), which belonged to a group of
clusters (clusters 3 and 4) that described “instructors who supplement lecture with more
student-centered strategies” (Stains et al., 2018, p. 1469). It’s important to note that
Margaret was observed delivering her class online so guiding behaviors which indicate
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a more student-centered classroom such as moving around the class (MG) and one-onone interactions between the instructor and student (1-o-1) could not be observed. Even
with this limitation, Margaret’s classification in cluster 3 along with behaviors in her
classroom suggested she was an instructor who implemented student-centered
pedagogy.
Guiding behaviors were the most prominently observed in Margaret’s classroom.
A summary of all other collapsed codes is presented in Figure 9. These guiding
behaviors included posing questions (PQ), following up on those questions (FUp), and
answering questions from students (AnQ). As she followed up on concepts, she
presented a concept map and connected previous material to the current topic being
taught in that sessions lesson. Interestingly she reported in her survey that she was
familiar with but had not used concept maps. Mary was not observed using clickers, a
guiding behavior, to engage and pose questions to students which could also be due to
the online environment and the available technology. However, Margaret had indicated
on her survey that she was aware of clickers and planned to implement them but did not
report implementing clickers in her classroom previously so it is likely that she would
pose and follow up questions in a similar manner to what was observed online.
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Figure 9
Percentage of Condensed Instructor Behaviors Codes in Two-Minute Intervals
Recorded with the Classroom Observation Protocol for Undergraduate STEM In
Margaret’s Classroom.

Other

28.92%

Administration

17.65%

Guiding

78.88%

Presenting

45.25%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Presenting behaviors mainly presented as real-time writing (RtW) and lecturing
(L). The code RtW was not exclusively paired with presenting behaviors such as L but
also accompanied guiding behaviors such as FUp and PQ. Administrative behaviors
were mostly observed when Margaret was introducing the roles of the TAs that day
because the responsibilities were tech support or content support and she wanted to be
clear for students, so they knew which resource to access. It was also coded when she
checked in with students about an activity she referred to as a “micro theme” that was
assigned to be sure it was helpful mentioning, "I designed these to help your learning
not to jump through hoops".
Over a quarter (29%) of behaviors recorded belonged to the other category. One
instance of note that lasted for three 2-minute time blocks was when Margaret began

98
talking to her students acknowledging the hard times they were going through as a
result of the COVID19 pandemic and offering study tips. She also mentioned that she
understood it was a time of difficulty and struggle to which many students responded in
the chat. She talked about self-worth and about self-esteem and depression. She told
her students not to give up and that she was not going to give up on them which
triggered another flood of responses in the chat. There were additional moments of
banter and chit-chat with students that were also coded as other as well.
Student behaviors during Margaret’s observations are summarized in Figure 10.
Students were observed receiving information from Margaret during 86% of coded timeblocks. Margaret was observed to be interleaving both guiding and presenting behaviors
during these time blocks coded as receiving for students. Talking to Class was the next
most prevalent collapsed code to receiving, occurring about 50% of the time in
Margaret’s class. Individual codes that made up a majority of these behaviors included
students asking questions (SQ) and answering questions (AnQ). Students in this class
were observed to be engaged in working behaviors 26% of the time working individually
(Ind) on questions posed by Margaret. Collaborative behaviors such as discussing
clicker questions in groups (CG), working on a worksheet in groups (WG) or other group
activities (OG) were not observed as part of this collapsed code which could be due to
the lack of knowledge or desire to use the breakout function in Zoom. Behaviors that
occurred which were coded as other mainly captured students having personal
conversation with Margaret and expressing challenges they were facing during the point
in the semester in which this classroom was observed.
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Figure 10
Percentage of Condensed Student Behaviors Codes in Two-Minute Intervals Recorded
with the Classroom Observation Protocol for Undergraduate STEM in Margaret’s
Classroom
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Remmy
Remmy, like Margaret, was categorized as an instructor similar to those in cluster
3 according to the COPUS Analyzer (Beta; Stains & Harshman, 2022), which belonged
to a group of clusters (clusters 3 and 4) that described “instructors who supplement
lecture with more student-centered strategies” (Stains et al., 2018, p. 1469). The
distinction between clusters 3 and 4 is typically determined by whether or not the
instructor uses clickers to engage students in group discussion activities. Remmy was
unique in his use of student presentations as an engagement and discussion technique.
Like Margaret, Remmy was observed delivering his class online which limited the
prevalence of certain guiding behaviors like (MG) and (1o1) which indicate a more
student-centered classroom. However, due to the student presentations occurring,
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Remmy did spend time engaging with students 1o1 more than Margaret was observed.
Despite the absence of some behaviors Remmy still incorporated student-centered
behaviors which place him in cluster 3.
Guiding behaviors were observed most frequently in Remmy’s classroom (50%).
All other collapsed codes are summarized in Figure 11. Although the forementioned
codes were either not relevant to the virtual context or more difficult to execute in the
context in which these observations were recorded, Remmy used behaviors such as
posing questions (PQ), following up on questions (FUp), answering student questions
(AnQ), and even using an online clicker system (CQ). During time blocks coded with
these guiding behaviors, presenting behaviors such as real-time-writing (RtW) were
observed.
Figure 11
Percentage of condensed instructor behaviors codes in two-minute intervals recorded
with the Classroom Observation Protocol for Undergraduate STEM in Remmy’s
classroom
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Presenting behaviors included lecturing and RtW but did not include showing or
conducting an experiment, the remaining individual code in the collapsed category of
presenting. While online formats do allow instructors to show recorded demonstrations it
may be assumed that these behaviors would more likely be observed in an in-person
setting. Real-time-writing was slightly more prevalent than lecturing as it was often
paired with guiding behaviors such as AnQ and FUp. Administrative behaviors included
prompting students to set-up their presentations and giving screen sharing permissions.
One distinct moment of administrative behavior that was observed was Remmy
announcing that, in response to student feedback about breakout rooms, he would no
longer be using them in his classroom. In his interview he did note that he believes
students can get value from breakout rooms and received feedback from his learning
assistants that they were effective in other courses, but Remmy did not believe he was
executing them “correctly” or in a manner that was supportive to students.
Certain behaviors were frequently coded as Other because none of the codes
present in COPUS specifically captured what was occurring in the classroom. For
example, Remmy listening to students and allowing space for them to lead content
presentation and discussion was captured as Other. Remmy wasn’t simply waiting as
evident by his engagement during the presentations. However, he also wasn’t engaged
1o1 the entire time either, only speaking up for specific questions or prompts.
Students were observed receiving during a majority of two-minute time blacks
coded. Remaining student behaviors are summarized in Figure 12. Students were not
only coded as listening to Remmy but also their classmates as they gave presentations.
They spent the first portion of the class presenting a current article from Chemical and
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Engineering News (C&EN) Magazine that connected to the course material and then
content was presented in the remainder of the class periods observed. Typically
receiving behaviors are paired with more instructor-centered pedagogy but due to
limitations of the COPUS there cannot be a distinction between receiving from the
instructor and receiving from other students.
Figure 12
Percentage of Condensed Student Behaviors Codes in Two-Minute Intervals Recorded
with the Classroom Observation Protocol for Undergraduate STEM in Remmy’s
Classroom.

Other than students receiving information, students were talking to the class
during 35% of the observed time blocks. Individual codes that were observed included
SP, AnQ, and SQ. Students were not observed engaging in WC which may be a
function of the online context in which these students were observed. When not
receiving or talking, students were working 34% of the time. When working, students
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were either working individually on a task or taking a summative assessment. Working
behaviors that required students working together like CG, WG, OG were not observed
which could be due to the classroom context as previously described. Other behaviors
belonging to the collapsed working category include making predictions (Prd) which
were not observed. Other behaviors were coded during 9% of time blocks. Behaviors
captured by this code included students answering question of other students about
their presentation and students taking a break to break up their long class.
Takeko
Like Margaret and Remmy, Takeko was categorized as an instructor like those in
cluster 3 according to the COPUS Analyzer (Beta; Stains & Harshman, 2022). Her
observed teaching behaviors are presented in Figure 13. Takeko was observed using
worksheets to engage students in active learning and group work. This is in alignment
with membership in cluster 3 as opposed to cluster 4, as cluster 4 participants are often
categorized by their use of clickers in an active way. Takeko was not observed using
clickers in her classroom. She often checked in with students, letting them guide the
amount of practice and review they were given before moving onto the next activity.
Takeko was incorporating student-centered pedagogy into her classroom.
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Figure 13
Percentage of condensed instructor behaviors codes in two-minute intervals recorded
with the Classroom Observation Protocol for Undergraduate STEM in Takeko’s
classroom.

Takeko spent a majority of the time observed presenting material (82%). Of the
presenting behaviors, she was observed using RtW to present information more often
than lecture. While RtW often accompanied lecturing behaviors a majority of the time L
was coded, it was also coded alongside FUp and AnQ, behaviors that belong to the
guided collapsed code. When Takeko was lecturing I made note of several times she
connected present material with topics they would be revisiting in the past. While this is
often observed in courses which build upon themselves, I made note of it for Takeko
because she made it a point to draw specific attention to the concepts and explain how
they would come back around in the curriculum and did not simply state it in passing.
Guiding behaviors were captured 49% of the time including FUp, PQ, and AnQ.
Takeko did not use clickers (CQ) in her observed class periods and was also not
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observed moving around the room (MG). Takeko did specifically mention she had some
type of sinus infection or cold and did not want to interact in close proximity with
students. Takeko mostly followed up on group activities as part of the behaviors coded
FUp, however she also followed up on questions posed by her during the lecture. She
was also observed answering student questions as often as she was posing them
herself.
Administrative behaviors were observed in 16% of time blocks recorded. In the
first few moments of one class Takeko reviewed the format of their upcoming exam on
Canvas, going over the number of questions and point value. At the start of another
observed period, Takeko allowed a representative from the campus health and wellness
program to present a short slide show about the resources and services available for
students to care for multiple facets of their well-being. She also took the time to get the
information and receive slides from the representative so that she could distribute it to
her students after class. She appeared to value the presentation and the resources it
could provide her students.
Other behaviors not captured by the presenting, guiding, or administration
categories were recorded 19% of the time. Behaviors coded as other included taking a
moment to get a student generated example of their favorite green vegetable and
presenting tips to prepare for the exam. The individual category waiting (W) was also
observed as part of the collapsed other category. Moments of waiting included students
working on a group activity while Takeko stood at the podium. This was recorded the
day she was sick and so was unable to interact closely with students. However, during
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this time she had three learning assistants moving throughout the room assisting
students with questions.
Students were observed spending a majority of the time listening (L), the only
individual code encompassed by the receiving collapsed category. All student behaviors
are summarized in Figure 14. Receiving behaviors were paired with individual instructor
codes such as Lec, RtW, FUp, PQ, Adm, and O. Student codes simultaneously
recorded with L included, AnQ, SQ, and Ind. Students were talking to the class 26% of
the time, mainly by answering questions posed or posing questions themselves. When
working (14%) students were mainly engaged in individual work or with worksheets in
groups. The only behavior coded as other (4%) included students packing up early over
two coded time blocks.
Figure 14
Percentage of condensed student behaviors codes in two-minute intervals recorded
with the Classroom Observation Protocol for Undergraduate STEM in Takeko’s
classroom.
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Instructors were assigned clusters 3, 4, and 6 based on their COPUS data.
Clusters 3 and 4 represent instructors who still use lecture as a primary way to deliver
content but supplement their classrooms with active-learning strategies. These
instructors may be considered transitional while cluster 6 represents student centered
instruction. Beliefs which differentiate these two approaches are concerned with goal
setting, teacher’s role, motivational orientation, and student interaction (Pedersen & Liu,
2003). In this study, beliefs about goal setting and motivational orientation were not
made clear, however beliefs about teacher’s role and student interaction were so they
will be used as anchors for discussion in this chapter.
In this study instructors believed their role was much broader than just delivering
content. Already this suggested that these instructors were not interested in being ‘the
sage on the stage’, a common adage to describe those with an instructor-centered
approach. These instructors believed it was part of their role to provide their students
with cultural capital and to teach learning and life skills. Instructors without studentcentered beliefs may expect that their students already have these skills and if not, it is
not their job to teach them those skills. Many of the instructor behaviors coded as Other
were instances where instructors were explicitly teaching learning skills or giving tips to
study for an exam showing that not only was this a belief they had, but also something
they then put into practice in the classroom.
Instructors in this study also believed that it was part of their role to consider how
material should be presented. The instructors agreed that some amount of material
should be presented through lecture, and they were observed doing so in the
classroom. Typically, in a fully student-centered classroom students dictate how the
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material is presented and instructors act as facilitators. Instructors in this study were
observed asking their students if they wanted to do more practice or review other topics
but they were not given full autonomy over the presentation of material which aligns with
the transitional teaching styles of most instructors in this study. Instructors with studentcentered pedagogy allow their students to guide their pedagogy in ways beyond just
how material is presented. Instructors in this study had the beliefs that part of their role
was to adapt to student needs in their classroom. Again, letting students dictate how the
class is run based off of a response to their needs centers them in the classroom,
suggesting that this belief aligned with their behaviors that placed them into transitional
to student centered practices.
Instructors in this study were observed implementing strategies that
increased student interaction such as think-pair-share activities, discussion of clicker
questions, and group work on worksheets. In student centered classrooms, these types
of behaviors are the norm. In their beliefs about how learning happens, instructors often
discussed learning happening through discussion and that an instructor can see
learning happening when students can make connections and explain topics to others.
These instructors know that simply giving their information is not as helpful as allowing
students to work through problems with others and use the instructors as a resource for
gathering necessary information. Not only did these participants believe it was part of
their role to implement these strategies, they also believed that engaging with material
indicated learning so their behaviors supported a student-centered approach two-fold.
Their belief that the value of EBIPs is that they engage students also aligns with their
observed implementation of these practices.
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Instructor beliefs in this study frequently centered students whether it was the
belief that instructors should adapt instruction to student needs or that students should
be engaged with material actively to learn. The clusters to which these instructors were
assigned reflected that their classrooms were either student centered or transitioning to
a fully student-centered classroom. While it is difficult to say if the pedagogical choices
made in their classroom were a direct result of their beliefs, I can at least say that their
behaviors seemed to be aligned with their beliefs reported in their interviews and the
clusters to which they are assigned by the COPUS.
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CHAPTER V
CONCLUSION
The landscape of post-secondary Science, Technology, Engineering, and Math
(STEM) education is frequently changing in order to be responsive to the needs of a
diverse population of students in an equitable way. However, chemistry instructors lag
behind their biology and physics counterparts in adoption of evidence-based practices
despite being equally aware of these practices (Lund & Stains, 2015). For this reason, it
was important to identify those post-secondary chemistry instructors who do implement
these practices as a way to gain insight about the unique set of circumstances which
influenced the pedagogical decisions of these instructors. With this information we may
be able to target professional development opportunities and inform hiring decision so
that instructors are able to support student learning in a way that will be authentic to the
way they apply their knowledge in future careers in STEM.
This qualitative case study investigated chemistry instructors who report
implementing and sustaining use of evidence-based instructional practices in their
classroom to determine personal characteristics that may be unique to this subset of
chemistry instructors. To research this I asked three research questions:
Q1

What are the personal characteristics that influence instructors to start
and continue implementing EBIPs in post-secondary chemistry
classrooms?

Q2

What beliefs about teaching and learning are held by post-secondary
chemistry instructors who adopt and sustain the use of EBIPs in their
classroom?
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Q3

How do these beliefs align with observed classroom practices?

Framing this study through the lens of the Teacher-Centered Systemic reform model,
there was a strong focus on personal factors which influence the adoption of these
practices including knowledge and beliefs which contribute to greater characteristics
these instructors have.
Using survey, observational, and interview data, characteristics, beliefs, and
practices of six post-secondary chemistry were described throughout this dissertation in
detail. Survey data were used to select and give descriptions of participants as well as
act as additional support to the themes constructed from the other data. Thematic
analysis was used to identify patterns within the data regarding instructor characteristics
and beliefs. Classroom observations were also used not only to validate that the
instructors did in fact implement the practices which they reported but also to align
these practices with their beliefs about teaching and learning.
Four key characteristics of the participants identified in this study were:
intellectual humility, equity mindedness, commitment to learning, and social awareness.
These characteristics were highly related and connected to the individual beliefs
expressed by instructors. These beliefs included beliefs about the role of chemistry
instructors, how learning happens, and the value of evidence-based instructional
practices. Together these characteristics and beliefs point toward discussing
pedagogical change as a learning process, framed through a social emotional lens.
This study focused on individuals at the center of reform and their personal
pedagogy. Henderson et al. (2011) identified developing reflective teachers as the goal
of one of four targeted approaches to educational reform. The instructors in this study
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showed they were reflective as part of the greater theme, commitment to learning. A
personal factor explicit in the Teacher Centered Systemic Reform Model (TCSR)
relating to this characteristic is ‘Continued Learning Efforts’. The types of continued
learning efforts were varied showing that it was not necessarily the types of continued
learning efforts that matter most, but the willingness to engage with them in the first
place.
Instructors in this study showed evidence of having intellectual humility which
may heavily influence instructors’ commitment to learning. Porter et al. (2020)
investigated the connection between intellectual humility and mastery behaviors in
adults by giving intellectual humility and growth mindset measures, followed by a
special reasoning test. Participants received feedback on the test and were then given
the opportunity to complete a tutorial and take another test on the material they initially
missed. Controlling for growth mindset, they found that adults with higher intellectual
humility were willing to invest more effort in learning. Instructors in all levels of education
often face setbacks or barriers such as lack of resources and this was expressed by
participants in this dissertation study. Despite this, these instructors still implemented
Evidence-Based Instructional Practices (EBIPs) and adapted to challenges like limited
access to large active learning spaces or lack of Learning Assistants. Intellectual
humility may account for the difference between those who face barriers and still persist
and those who do not.
Wong and Wong (2021) found that intellectual humility was positively associated
with academic performance in post-secondary students and that this occurred through
higher feedback receptivity and intrinsic motivation. The participants in our study
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seemed to have an intrinsic motivation for improving their teaching practices as part of
their obligation to students. Instructors also expressed that they valued feedback and
that they used it for reflection and modification of their practices. The instructor’s
intellectual humility contributed to their ability to make judgements about their own
learning and how to act upon those reflections.
Instructors’ intellectual humility may also contribute to their commitment to
learning. When someone is open to other points of view they may be receptive to new
perspectives on teaching which they implement into their classrooms. They also may
not be overconfident in their intellect, acknowledging that everyone has room for
improvement. Individuals with more IH may be more receptive to the idea that they can
be better instructors with learning and effort. In fact, faculty who had an entity
perspective of teaching skills (fixed mindset) showed less interest in PD opportunities
than those who believed that personal traits like intelligence, personality, morality, and
physical skills could be improved (Thadani et al., 2010).
In the same way that intellectual humility and a commitment to learning go handin-hand so do the themes of Equity Mindset and Social Awareness, both of which
belong to a social emotional learning (SEL) framework. This suggested that instructors’
pedagogy could be examined through the lens of SEL. The original SEL framework
described a process in which people were able to apply knowledge and skills that
allowed them to understand and manage emotions, set goals, and show empathy, for
example (Payton et al., 2000). Srinivasan (2019) expanded the social emotional
learning framework to include a lens of equity.
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Doucette and Singh (2022) suggested one approach instructors can take to
advance diversity, equity, inclusion and respect (DEIR) is reducing barriers through
instruction. Instructors in this study expressed that they believed it was their role to
teach students how to learn because some have not had the opportunity to (by no fault
of their own). Part of their equity mindset was to reach all students, regardless of
previous experience. This can give students an improved sense of belonging which may
be a result of their gained cultural capital, which was also suggested by instructors as
being part of their role. White et al. (2020) also suggested that activities which increase
student sense of belonging increases equitable outcomes for all students. These beliefs
about their role either contribute to or are a result of the instructors’ equity mindset and
social awareness. More specific studies trying to address the directionality of this
relationship would have to be conducted however, it is clear they are interrelated
concepts.
Initially, it was my intention to design a study that attempted to unweave some of
the interconnected components of the TCSR model. Through that process it became
evident that due to the inextricably intertwined nature of these components I would have
to take a different approach and so I took the opposite one which was to see which
ways these factors build upon each other. I found that the connections between factors
crosscut in ways that were more complex than their triarchic relationships in this model.
Social Awareness and Equity Mindset, for example, are highly related. They are built
from personal factors such as personal demographics and extent of training, contextual
factors such as institutional and classroom context, and components of teacher thinking
like beliefs about teaching and learning. However, those individual factors which come
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together to make an instructor equity minded are unique to each instructor. The reason
why it is difficult to pinpoint those individual factors which make instructors implement
EBIPs is that characteristics unique to these instructors may have a larger influence.
Limitations
Part of research design involves considering the limitations that a given
methodology comes with. One limitation of qualitative studies is that they are difficult to
replicate as data are collected in a unique, natural setting (Creswell, 2013). This
particular qualitative case study only examined six participants at three institutions in
Northern Colorado. For this reason alternative explanations for themes constructed from
the data cannot be ruled out and therefore they cannot be used to make causal
inferences (Simon & Goes, 2013). Results from this study may have been more
generalizable if a greater number of participants were sampled. However, it is not the
intent of a qualitative case study to generalize. Instead, the goal is to get detailed and
rich description of the participants selected to gain insight (Braun & Clarke, 2006).
Participants may have been more willing to talk about their practices due to their
own curiosity or high-self efficacy in their teaching practices. Purposive sampling
methods could also contribute to this bias towards participants who are excited to talk
about teaching and learning. Social desirability response bias could have been present
in interviews with participants as it is with studies assessing personality variables,
attitudes, and self-reported behaviors (Gupta & Thornton, 2002).
Another limitation that needed to be considered was that only 2.5 hours of
observations were taken and therefore only account for a small look into daily practices
of these instructors and may not be representative. It would not be justified to assume
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that all participants teach to the same level of their ability each day but these
observations can at least verify that the behavior occurred, if only on those days of
observation.
A limitation of qualitative research that results from being highly integral to the
construction of patterns in the data is my own personal bias. I have my own beliefs
about what good teaching looks like and this informs the lens through which I view my
participants. However, qualitative research often values the researcher as an instrument
and with explicit trustworthiness procedures and limitations of the study discussed one
may make proper use of the information gained from this study.
Suggestions for Future Work
The idea of intellectual humility seems to be reemerging from its origins as a
topic of philosophical inquiry to a topic of interest as a predictor of post-secondary
students’ academic performance, test anxieties, and mindsets (Sundstrom & Cardetti,
2019; Wong & Wong, 2021). However, limited investigation into instructors IH is
currently present in the literature. Zmigrod et al. (2019) describe IH as “a character
virtue that allows individuals to recognize their own potential fallibility when forming and
revising attitudes” (p.200). In general, it is thought that the beliefs of instructors can be
rigid and longstanding indicators of behaviors, however, people with IH may be less
ridged and more willing to change beliefs. This suggests that if IH can be fostered in
current and future chemistry instructors, there may be opportunities for a shift in beliefs.
This may not guarantee change to pedagogical behavior, but it may open up a more
receptive attitude and encourage a growth mindset toward teaching.
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While this construct clearly needs more investigation in post-secondary
educational settings, Porter et al. (2020) have taken the philosophical and psychological
descriptions of IH in a systematic review and integrated them into the Intellectual
humility classification framework, a framework of IH which clarifies what IH is and what
it is not. The framework outlines internal and external expressions of IH as well as
features that are self-focused versus other-focused. This systematic review and
integrative framework took steps to address concerns about validity of current
measurement strategies. Future studies explicitly applying this framework to instructor
perspectives on teaching and learning may inform the process through which instructors
engage with educational reform. Because IH has been investigated so little in postsecondary STEM contexts, qualitative studies exploring how chemistry instructors
display intellectual humility in their discussion of pedagogy adoption may give some
insight into its role in instructional change.
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Appendix A: Survey
The Influence of Chemistry Instructors’ Knowledge and Beliefs About Learning
on the Implementation

Start of Block: Section 0. Consent Form

0.1 CONSENT FORM FOR HUMAN PARTICIPANTS IN RESEARCH
UNIVERSITY OF NORTHERN COLORADO

Project Title: The Influence of Chemistry Instructors’ Knowledge and Beliefs About
Learning On the Implementation of Evidence-Based Instructional Practices

Researcher: Brittney J. Morgan, M.S. | Phone: 508-813-2212 | Email: brittney.morgan@unco.edu
Research Advisor: Melissa Weinrich, PhD | Phone: 970-351-1172 | E-mail:
Melissa.weinrich@unco.edu

The purpose of this study is to investigate chemistry instructors’ beliefs and knowledge
about how students learn chemistry and the influence this knowledge and these beliefs
have on the implementation of evidence-based instructional practices in the postsecondary chemistry classroom. You will be asked to complete a brief survey via
Qualtrics. The survey contains five sections: Educational Background, Awareness and
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Adoption of Evidence Based Instructional Practices, Attitudes Towards StudentCentered Teaching, and Demographic Information. At the end of the survey, you will be
asked whether you are willing to be observed in a course of your choosing. Following
the completion of the survey, in-class observations totaling 2.5 hours will be collected
prior to scheduling a final interview. These observations will be video recorded for the
use of the research team only and your image will not be shared. Student images could
potentially be captured in the recording because the COPUS codes for teacher-student
interactions. The only purpose of the recording is to be able to recode for reliability. No
information about the student will be collected or analyzed and these videos will not be
shared outside of the research team. This one hour interview will be scheduled for an
agreed-upon time and location at the reasonable discretion of the participant or over the
internet using Zoom. These interviews will be audio recorded for the use of the research
team only. You will also be asked via email to provide any materials which contribute to
how you teach and prepare to teach in your selected classroom. Such documents may
include a syllabus, lecture slides, handouts, and reference materials. These may be
provided electronically or physical documents may be handed to the researcher at the
time of the interview. Efforts will be made to ensure that your participation in this study
will not be easily identifiable to people outside of the research team and pseudonyms
will be used when reporting the results of this study. There are no additional foreseeable
risks associated with this study aside from normal discomfort born from the classroom
or interview setting. There is no cost associated with participating in this research.
Compensation will be offered to the participants in the form of a $25 gift card to
Amazon.com upon completion of the final interview. Participation is voluntary. You may
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decide not to participate in this study and if you begin participation you may still decide
to stop and withdraw at any time. Your decision will be respected. Having read the
above and having had an opportunity to ask any questions, please accept using the
button provided below if you would like to participate in this research. By completing the
survey, you give your permission to be included in this study as a participant. A copy of
this form can be forwarded electronically to you to retain for future reference. If you
have any concerns about your selection or treatment as a research participant, please
contact Nicole Morse, the Office of Research, 0025 Kepner Hall, University of Northern
Colorado Greeley, CO 80639; 970-351-1910. Please note that this survey will be best
displayed on a laptop or desktop computer. Some features may be less compatible for
use on a mobile device. By clicking the button below, you acknowledge the above.

End of Block: Section 0. Consent Form

Start of Block: Section 1. Background
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1.1 What type of institution did you attend as an undergraduate student?

o Research university or institution with Masters and/or Ph.D. as the highest
degree in chemistry offered (1)

o 4-year university or college with Masters as the highest degree in chemistry
offered (2)

o 4-year university or college with BS or BA as the highest degree in chemistry
offered (3)

o Other (please specify) (4)
________________________________________________
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1.2 What is your teaching experience? (Check all that apply)
I have no teaching experience. (1)
I have K-12 teaching experience. (2)
I was a laboratory TA in graduate school. (3)
I was a recitation TA in graduate school. (4)
While in graduate school, I taught lectures when the lecturer/professor
was absent. (5)
I have taught at a community college. (6)
I have taught at a 4-year college or university. (7)
I have taught at a PhD-level, research-intensive institution. (8)
Other (please specify) (9)
________________________________________________

1.3 Please select the year that you received your first faculty appointment.
▼ Prior to 1970 (1) ... 2019 (50)
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1.4 Approximately what is the distribution of your appointment? (Total should add
to 100%) If a field is Not Applicable, please enter 0.

o Teaching (%) (1) ________________________________________________
o Research (%) (2) ________________________________________________
o Service (%) (3) ________________________________________________

1.5 How many courses are you expected to teach per semester?

o 1 (1)
o 2 (2)
o 3 (3)
o 4 or more (4)
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1.6 Have you previously participated in program(s), workshop(s) and/or course(s)
on teaching?

o Yes (1)
o No (2)

Display This Question:
If Have you previously participated in program(s), workshop(s) and/or course(s) on
teaching? = Yes

1.7 Please describe the general format and goal of these programs, workshops,
or courses.
________________________________________________________________

End of Block: Section 1. Background
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Start of Block: Section 2. Awareness and Adoption of Evidence-Based Instructional
Practices.1 Please indicate your level of familiarity with each of the following
instructional strategies and methods:
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Heard
of the

Have
Familiar

name

Familiar

Never
but

used all
and plan

Currently

to

use all or

but have

heard
don't

not used

know

(3)

of it (1)

or part,
but no
implement

part of (5)
longer

(4)
much

use (6)

else (2)
Think-pair-share:
Posing a problem
or question, having
students work on it
individually for a
short time and then
forming pairs and
reconciling their
solutions. Followed
by a whole
classroom
discussion of
students’
responses. (1)

o

o

o

o

o

o
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Just-in-Time
Teaching: Asking
students to
individually
complete
homework
assignments a few
hours before class,
reading through
their answers
before class and
adjusting the
lessons
accordingly. (2)

o

o

o

o

o

o
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Peer-instruction:
A specific way of
using concept tests
in which the
instructor poses
the conceptual
question in class
and then shares
the distribution of
responses with the
class (possibly
using a classroom
response system
or “clickers”).
Students form
pairs, discuss their
answers, and then
vote again. (3)

o

o

o

o

o

o
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Teaching with
case studies:
Asking students to
analyze case
studies of historical
or hypothetical

o

o

o

o

o

o

o

o

o

o

o

o

situations that
involve solving
problems and/or
making decisions.
(4)
Process Oriented
Guided Inquiry
(POGIL) : In
groups, students
complete a
worksheet
designed around
the learning cycle.
(5)
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Problem-Based
Learning (PBL):
Acting primarily as
a facilitator and
placing students in
self-directed teams
to solve openended problems
that require
significant learning
of new course
material. (6)

o

o

o

o

o

o
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SCALE-UP
classroom:
Students work in
small groups on
hands-on activities,
simulations,

o

o

o

o

o

o

o

o

o

o

o

o

interesting
questions or
problems for the
majority of the
class. (7)
Interactive lecture
demonstration:
Three-step
process where
students predict,
experience and
reflect on a
demonstration
experience. (8)
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Collaborative
Learning: Asking
students to work
together in small

o

o

o

o

o

o

o

o

o

o

o

o

groups toward a
common goal. (9)
Cooperative
Learning: A
structured form of
group work where
students pursue
common goals
while being
assessed
individually. (10)
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Teaching with
computer
simulations
(Interactive
Animations):
Interactive
computer
animations, in
which variables of
the system or other
aspects can be
manipulated, are
used to
supplement
classroom
instruction. (11)

o

o

o

o

o

o
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Teaching with
animations:
Computer
animations, in
which phenomena
are illustrated in a

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

dynamic way, are
used to
supplement
classroom
instruction (12)
Clickers: Using a
classroom
response system
to collect data from
students. (13)
Concept Maps:
Students diagram
the relationships
that exist between
concepts. (14)
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Formative
Assessment:
Formal or informal
assessments
designed to gain
timely feedback on
students'
understanding of

o

o

o

o

o

o

o

o

o

o

o

o

the material and
provide an
opportunity for
instructor to modify
instruction
accordingly. (15)
Concept
Tests/inventories:
Assessment
instruments
designed to
identify
misconceptions.
(16)
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Student
Assessment of
their Learning
Gains (SALG):
Measuring the

o

o

o

o

o

o

degree to which a
course has
enabled student
learning. (17)

2.2 If you have indicated that you "currently use all or part" or "have used all or
part but no longer use" more than one of the practices listed above please
indicate the primary practice that you focus(ed) on in your classroom and briefly
explain why you currently use or no longer use that practice.
________________________________________________________________
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2.3 Please indicate the instructional and assessment strategies/methods that you
have experienced as a student: (check all that apply)
Think-pair-share (1)
Just-in-Time Teaching (2)
Peer-Instruction (3)
Teaching with case studies (4)
Process Oriented Guided Inquiry (POGIL) (5)
Problem-Based Learning (PBL) (6)
SCALE-UP classroom (7)
Interactive lecture demonstration (8)
Collaborative Learning (9)
Cooperative Learning (10)
Teaching with computer simulations (11)
Teaching with animations (12)
Clickers (13)
Concept Maps (15)
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Formative Assessment (16)
Concept Tests/inventories (17)
Student Assessment of their Learning Gains (SALG) (18)
None of the above (14)

End of Block: Section 2. Awareness and Adoption of Evidence-Based
Instructional Practices

Start of Block: Section 3. Attitudes and Beliefs towards Student-Centered
Teaching

3.1 For the rest of the questionnaire, we ask that you focus on a course in which you
are most able to teach in alignment with your preferred teaching style. This will be
referred to as your 'target course'.

3.2 Please indicate the course catalog name and number of this target course. (ex.
CHEM 111 General Chemistry 1)
________________________________________________________________
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3.3 This inventory is designed to explore a dimension of the way that academics go
about teaching in a specific context or subject or course. This may mean that your
responses to these items in one context may be different to the responses you might
make on your teaching in other contexts or courses. For this reason, we would like you
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to focus on your target course. For each item please check the appropriate response.
Do not spend a long time on each: your first reaction is probably the best one.
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Almost
Rarely or

True about
Sometimes

never true

Frequently

always or

true (4)

always true

half of the
true (2)

(1)

time (3)
(5)

In this course
students
should focus
their study on

o

o

o

o

o

o

o

o

o

o

what I provide
them. (1)
It is important
that this
course should
be completely
described in
terms of
specific
objectives
that relate to
formal
assessment
items. (2)
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In my
interactions
with students
in this course
I try to
develop a

o

o

o

o

o

o

o

o

o

o

conversation
with them
about the
topics we are
studying. (3)
It is important
to present a
lot of facts to
students so
that they
know what
they have to
learn for this
course. (4)
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I set aside
some
teaching time
so that the
students can
discuss,
among

o

o

o

o

o

o

o

o

o

o

themselves,
key concepts
and ideas in
this course.
(5)
In this course
I concentrate
on covering
the
information
that might be
available from
key texts and
readings. (6)
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I encourage
students to
restructure
their existing
knowledge in
terms of the

o

o

o

o

o

o

o

o

o

o

new way of
thinking about
the course
that they will
develop. (7)
In teaching
sessions for
this course, I
deliberately
provoke
debate and
discussion.
(8)
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I structure my
teaching in
this course to
help students
to pass the

o

o

o

o

o

o

o

o

o

o

formal
assessment
items. (9)
I think an
important
reason for
running
teaching
sessions in
this course is
to give
students a
good set of
notes. (10)
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In this course,
I provide the
students with
the
information
they will need

o

o

o

o

o

o

o

o

o

o

to pass the
formal
assessments.
(11)
I should know
the answers
to any
questions that
students may
put to me
during this
course. (12)

157
I make
available
opportunities
for students in
this subject to
discuss their

o

o

o

o

o

o

o

o

o

o

changing
understanding
of the course.
(13)
It is better for
students in
this course to
generate their
own notes
rather than
copy mine.
(14)
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A lot of
teaching time
in this course
should be
used to

o

o

o

o

o

o

o

o

o

o

question
students’
ideas. (15)
In this course
my teaching
focuses on
the good
presentation
of information
to students.
(16)
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I see teaching
as helping
students
develop new

o

o

o

o

o

o

o

o

o

o

ways of
thinking in this
course. (17)
In teaching
this course, it
is important
for me to
monitor
students’
changed
understanding
of the subject
matter. (18)
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My teaching
in this course
focuses on
delivering

o

o

o

o

o

o

o

o

o

o

what I know
to the
students. (19)
Teaching in
this course
should help
students
question their
own
understanding
of the subject
matter. (20)
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Teaching in
this course
should
include
helping
students find

o

o

o

o

o

o

o

o

o

o

their own
learning
resources.
(21)
I present
material to
enable
students to
build up an
information
base in this
course. (22)
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3.4 Please rate the extent to which you agree with the following statements:

163
Strongly

Neither
Disagree

Disagree

Strongly
agree nor

Agree (4)

(2)
(1)

agree (5)
disagree (3)

Teaching
with new
instructional
methods
such as
clickers

o

o

o

o

o

o

o

o

o

o

takes more
preparation
time than
lecturing (1)
I am
interested in
implementing
other
strategies
than
lecturing in
my class (2)
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Teaching
with new
instructional
methods
such as
clickers limits

o

o

o

o

o

o

o

o

o

o

how much
content can
be covered
(3)
Group work
is more
appropriate
in the
recitation
part of the
course than
in lecture (4)
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3.5 Please select the statement from the following which best describes you:

o I don’t intentionally apply learning theories when teaching. (1)
o I’m not sure which learning theories I apply when teaching. (2)
o I apply a mix of learning theories in my approach to teaching. (3)
o I apply a behavioral approach to learning when teaching. (4)
o I apply a cognitive approach to learning when teaching. (5)
o I apply a constructivist approach to learning when teaching. (6)
End of Block: Section 3. Attitudes and Beliefs towards Student-Centered
Teaching

Start of Block: Section 4. Contextual Factors
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4.1 Many factors influence instructors as they teach a course. For each item
below please select the option that most closely corresponds with your
experience.
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Not at all

Very or
A little (2)

Somewhat (3)

(1)
Teaching is a priority in
your department (1)

Extremely (4)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Research is emphasized
over teaching in your
department (2)
Your department’s
promotion or tenure
pressures influence your
teaching (3)
You have very little say
in how this course is run
(4)
Your department allows
you considerable
flexibility in the way you
teach the course (5)
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Required textbooks or
syllabus planned by
others dictate the

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

teaching methods you
select (6)
The textbook that you
will choose will dictate
the teaching methods
you select (7)
Your department
rewards faculty for
focusing their attention
on teaching (8)
The size of the class
dictates the teaching
methods you select (9)
Your teaching is mostly
based on things you
learned from your own
best teachers (10)
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The physical space of
the classroom influences
the teaching methods

o

o

o

o

o

o

o

o

o

o

o

o

you select (11)
The availability of
teaching assistants
influences the teaching
methods you select (12)
Time constraints due to
research commitments
(e.g., writing grants,
doing lab work, etc.)
influence your teaching
(13)
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Time constraints due to
administrative or service
commitments (e.g., as a
department chair, chair
of a

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

departmental/institutional
committee, director of a
center, etc.) influence
your teaching (14)
The level of student
preparation influences
the teaching methods
you select (15)
Teaching evaluations
based on students
ratings influence the
teaching methods you
select (16)
The ability to cover all
necessary content
influences the teaching
methods you select (17)
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Your knowledge of
appropriate instructional
methods influences the

o

o

o

o

teaching methods you
select (18)

4.2 How much do your departmental colleagues have expectations for your
teaching methods?

Not at all i.e., no expectations
Very little i.e., casual conversations around department mention what one is expected
to do
Some i.e., expectations are common knowledge in your department
Quite a bit i.e., colleagues would speak to you if you weren’t acting in line with
expectations
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A great deal i.e., strong expectations to act a certain way. There would be significant
negative implications if expectations are not met.
Very little
Not at all (1)

Quite a bit

A great deal

(4)

(5)

Some (3)
(2)

Expectation
to use
techniques

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

other than
lecturing (1)
Expectation
to have
students be
actively
involved in
class (2)
Expectation
to use a
variety of
teaching
methods (3)
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End of Block: Section 4. Contextual Factors

Start of Block: Section 5. Demographics

5.1 Age

o 20-29 (1)
o 30-39 (2)
o 40-49 (3)
o 50-59 (4)
o 60 or older (5)

5.2 Gender

o Male (1)
o Female (2)
o Non-binary (3)
o Specify (4) ________________________________________________
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5.3 Ethnicity (select all that apply)
White (1)
Black or African American (2)
American Indian or Alaska Native (3)
Asian (4)
Native Hawaiian or Pacific Islander (5)
Other (please specify) (6)
________________________________________________

End of Block: Section 5. Demographics

Start of Block: Section 6. Continued Participation

6.1 This survey is Phase 1 of a three phase study. Phase 2 involves video recorded, inclass observations. You may contact me if you have any questions regarding this or
other portions of the study via email at brittney.morgan@unco.edu

I am interested in
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participating in non-obtrusive observation and video recording of my lectures. (We will
contact you via email)

o Yes (1)
o No (2)
End of Block: Section 6. Continued Participation
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APPENDIX B

CLASSROOM OBSERVATION PROTOCOL FOR UNDERGRADUATE STEM
PROTOCOL SHEET
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Appendix B: Classroom Observation Protocol for Undergraduate STEM Protocol Sheet
Classroom Observation Protocol for Undergraduate STEM – COPUS
This protocol allows observers, after a short 1.5 hour training period, to reliably characterize how faculty and students are
spending their time in the STEM classroom.1 For further information, see: www.cwsei.ubc.ca/resources/COPUS.htm
Smith MK, Jones FHM, Gilbert SL, and Wieman CE. 2013. The Classroom Observation Protocol for Undergraduate STEM
(COPUS): a
New Instrument to Characterize University STEM Classroom Practices. CBE-Life Sciences Education, Vol 12(4), pp. 618627

Observation codes

1

This protocol was adapted from: Hora MT, Oleson A, Ferrare JJ. Teaching Dimensions Observation Protocol (TDOP) User's Manual. Madison: Wisconsin Center for Education
Research, University of Wisconsin–Madison; 2013.
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1. Students are Doing
L Listening to instructor/taking notes, etc.
Ind Individual thinking/problem solving. Only mark when an instructor explicitly asks
students to think about a clicker question or another question/problem on their own.
CG Discuss clicker question in groups of 2 or more students
WG Working in groups on worksheet activity
OG Other assigned group activity, such as responding to instructor question
AnQ Student answering a question posed by the instructor with
rest of class listening SQ Student asks question
WC Engaged in whole class discussion by offering explanations, opinion, judgment, etc. to
whole class, often facilitated by instructor
Prd Making a prediction about the outcome of demo or experiment
SP Presentation by student(s)
TQ Test or quiz
W Waiting (instructor late, working on fixing AV problems, instructor otherwise occupied,
etc.)
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O Other – explain in comments

2. Instructor is Doing
Lec Lecturing (presenting content, deriving mathematical results, presenting a problem
solution, etc.)
RtW Real-time writing on board, doc. projector, etc. (often checked off along with Lec)
FUp Follow-up/feedback on clicker question or activity to entire class
PQ
CQ

Posing non-clicker question to students (non-rhetorical)
Asking a clicker question (mark the entire time the instructor is using a clicker

question, not just when first asked) AnQ Listening to and answering student questions with
entire class listening
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MG

Moving through class guiding ongoing student work during active learning task

1o1 One-on-one extended discussion with one or a few individuals, not paying attention to
the rest of the class (can be along with MG or AnQ)
D/V Showing or conducting a demo, experiment, simulation, video, or animation
Adm Administration (assign homework, return tests, etc.)
W

Waiting when there is an opportunity for an instructor to be interacting with or
observing/listening to student or group activities and the instructor is not doing so

O Other – explain in comments

3. Student Engagement (optional)
L

M

Student engagement alternatives:

Small fraction (10-20%) obviously

(1)

Just mark when engagement is obviously high

engaged.

or obviously low.

Substantial fractions both clearly

(2)

engaged and clearly not engaged.

how many appear engaged at every 2 minute interval.

Count “N” students near you (~10) and assess

Enter value for all engaged instead of L/M/H. NOTE
what your value of N was.
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H Large fraction of students (80+%)
clearly engaged in class activity or
listening to instructor.

Suggestions regarding codes and comments:
•

Clarify code choices with comments.

•

Consider indicating your confidence regarding coding, especially when you aren’t sure about choice of codes.

HOW TO USE OBSERVATION MATRIX: Put a check under all codes that happen anytime in each 2 minute time
period (check multiple codes where appropriate). If no codes fit, choose “O” (other) and explain in comments. Put in
comments when you feel something extra should be noted or explained.

Date: ______________ Class: _____________________ Instructor: _______________________ No. students
_______ Observer Name: ________________________
Classroom arranged how?
_______________________________________________________________________________________
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1.

L-Listening; Ind-Individual thinking; CG-Clicker Q discussion; WG-Worksheet group work; OG-Other group work; AnQAnswer Q; SQ-Student Q; WC-Whole class discuss; Prd-Predicting; SP-Student present; TQ-Test/quiz; W-Waiting; OOther

2.

Lec-Lecturing; RtW-Writing; FUp-Follow-up; PQ-Pose Q; CQ-Clicker Q; AnQ-Answer Q; MG-Moving/Guiding; 1o1-Oneon-one; D/V-Demo+; Adm-Admin; W-Waiting; O-Other For each 2 minute interval, check columns to show what’s
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happening in each category (or draw vertical line to indicate continuation of activity). OK to check multiple columns.

1.

L-Listening; Ind-Individual thinking; CG-Clicker Q discussion; WG-Worksheet group work; OG-Other group work; AnQAnswer Q; SQ-Student Q; WC-Whole class discuss; Prd-Predicting; SP-Student present; TQ-Test/quiz; W-Waiting; OOther
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2.

Lec-Lecturing; RtW-Writing; FUp-Follow-up; PQ-Pose Q; CQ-Clicker Q; AnQ-Answer Q; MG-Moving/Guiding; 1o1One-on-one; D/V-Demo+; Adm-Admin; W-Waiting; O-Other

For each 2 minute interval, check columns to show what’s happening in each category (or draw vertical line to indicate
continuation of activity). OK to check multiple columns.

Further comments:
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Smith MK, Jones FHM, Gilbert SL, and Wieman CE. 2013. The Classroom Observation Protocol for Undergraduate STEM
(COPUS): a New Instrument to Characterize University STEM Classroom Practices. CBE-Life Sciences Education Vol
12(4), pp. 618-627
A protocol sheet in Excel format is available at: www.cwsei.ubc.ca/resources/COPUS.htm.
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APPENDIX C
SEMI STRUCTURED INTERVIEW PROTOCOL

Appendix C: Semi-structured interview protocol
1.

Briefly, about a minute, can you take me on your journey from receiving your

highest degree to becoming instructor in higher ed?
2.

How do you describe your role as a chemistry teacher?

Could you provide evidence which supports that that is your role as a teacher?
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3.

How do you think learning happens? [What does the learning process consist

of?]
How do your students learn chemistry best?
How do you know when learning is occurring in your classroom?
What are common misconceptions about how student think and learn?
4.

You indicated that you [are currently using EBIPs] in your classroom. What was

your introduction to EBIPs?
What is the purpose of implementing [EBIP] in your class?
What are the most important features of [indicated EBIP]?
How does using this practice impact your students?
What strategies do you use, if any, to [How might you] reflect on or evaluate new
teaching strategies in your classroom?
5.

How often do you reflect on or modify your teaching? How and why?

If you lived in an ideal environment and could do what you believe is best, how would
you change or keep [practice]

6.

Do you think your classroom practices are well aligned with our current

knowledge of how students learn? What areas are more strongly aligned with our
knowledge of learning. Less so?
7.

Do you feel like your efforts to improve your teaching and student learning are

valued by your department? In what ways?
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APPENDIX D
INSTITUTIONAL REVIEW BOARD APPROVAL
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